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FOREWORD

This report is part of a two volume set which describes a
compressible turbulent boundary layer analysis using the turbulent
kinetic energy approach and a computer program that is a modified
version of MABL (Reference 1) and includes wall and coolant tempera-
ture calculations. Volume I contains the description of analytical
concepts to obtain the eddy viscosity by solving the turbulent
kinetic energy equation and it shows the result of sample calculationms.

Volume II describes the modified computer program to include
the eddy viscosity calculation and serves as a supplement user's
manual to Reference 1.

This work was conducted for the George C. Marshall Space
Flight Center, National Aeronautics and Space Administration under the
cooperative agreement between the University of Alabama in Huntsville
and the George C. Marshall Space Flight Center under Modification 7,
NCA 8-68.

The author gratefully acknowledges the supply of data and
helpful discussions with Mr. Klaus W. Gross, and the assistance in
computer programming and checking of Mr. Alfred N. Krebsbach,

George C. Marshall Space Flight Center, National Aeronautics and Space

Administration.
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I. INTRODUCTION

This report serves as a supplement to Reference 1. As described in
Volume I of this set, the eddy viscosity is calculated through the
turbulent kinetic energy, in order to include the history of the
flow and the effect of chemical reaction on boundary layer charac-
teristics. Calculations can be performed for two different cooling
concepts; that is, transpiration and regeneratively cooled wall
cases. For the regenerative cooling option, coolant and gas side
wall temperature and coolant bulk temperature in a rocket engine
can be computed along the nozzle axis. Thus, this computer program
is useful in designing coolant flow rate and cooling tube geometry,
including the tube wall thickness as well as in predicting the
effects of boundary layers along the gas side wall on thrust
performances.

Two computer programs were developed; TBLEDY (Turbulent Boundry
Layer Computer Program including Eddy Viscosity Calculations) and
AIREDY (Air Flow Computer Program'with mass injection of a mixture
of hydrogen and nitrogen).

Since the main difference of TBLEDY from MABL (Reference 1) is
found in Subroutine EDDY, and the input data for the calculations
are exactly the same as’in MABL, only the solution method in
Subroutine EDDY and the description of program output which was
modified will be shown.

The second computer program, AIREDY, was developed for the purpose
of comparing the calculated results with available experimental

data when combustion occurs in the boundary layer due to the mixture

-{-



of hydrogen and nitrogen injection through a porous wall. Because
of the addition of the element, Nitrogen, N, to the elementé, H and
0, the following nine species are considered for the air flow with

combustion: H, HZ, H.0, 0, OH, 02, N, NO, and N2, the last three

2
species having been added. Therefore, modifications to subroutines
BLKDTA, ELEMTS, EXECUT, H@@DE, HPCALC, NLUT, #DE, PRINT, PRYFIL,
SPCALC, TABLES, TFCBL (Main Routine), TPCALC, and VISCX were
necessary. Common blocks in the remaining subroutines were also
modified.

Subroutine EDDY calculates tﬁe'turbulent kinetic enefgy and
the eddy viscosity, and it is the same in both TBLEDY and AIREﬁY
except for common blocks.

Since detailed descriptions of most of the boundry layer
subroutines can be found in Reference 1, as well as the definitions
of program syﬁbols, only the modifications of the program input
data and the printed outputs are explained.

The sample cases areincluded to illustrate the use of the program:
one is for the rocket nozzle combustion product flow of hydrogen
and oxygen with transpiration cooling, and the other is for air
flow with combustion due to injection of a mixture of hydrogen and
nitrogen. The listings of computer programs TBLEDY and AIREDY, are

included in Appendix A and B, respectively.




II. SUBROUTINES

1. Subroutine BLKDTA

This subroutine stores atomic symbols, weights, and
valences of 105 elements.

Thermal and reactants data are taken from Reference 2. The
assigned enthalpy (ENTH) of each reactant for a corresponding temper-
ature (RTEMP) is given in calories per mole in Table VII of Reference 2.

The constants used in the empirical equations for specific
heat, enthalpy, aﬁd entropy, as functions of temperature are given in

the form of least squares coefficients as follows:

Qﬁ— = aj + aT + a3T2 + a4T3 + aST4

° a a a a ’ a
Bl 4 #2271 + 312 ¢ 35040 0
RT 2 3 4 5 T
ST°

= ayInT + apT + 2312 + %413 4 B5pé 4 g
R 2 3 4
The seven coefficients above are stored in the array
COEF (1, j, k)
where
i=1 for the upper temperature interval
i=2 for the lower temperature interval
j=1,...7,for the 7 coefficients, aj,
k=1,...150 for the number of sp;cies.
TBLEDY considers k=1,2,... and 6 , H, Hy, Hyf, HP, #H, and @,
respectively, while AIREDY includes an additional three species,

k=7, 8, and 9, N, N@#, and Nj.




2. Subroutine EDDY (Common to TBLEDY and AIREDY)

The turbitlent kinetic energy equation to be solved is

(See Volume I);
K = 2kpAKY2(3 u ) [3u |

—— 3K + (pv+p'v') dy 3y 9y
pPu 335 /2 (1)
- - K __PK_
+93 [(W+ap AKI/Z)]- puB AZY T4
9y

Assuming that the terms containing molecular viscosities, u, are
negligible, and considering the definition of eddy viscosity,e, the

above equation is written as

oK oK — -
————— — " 2cudfa 3 3K - ypk¥2/ A
puids (pv+op'v') 2 -_— = — €& Ye
P e dy K 9y Ay (2)
where
e=eg=p 2% [3u] for  pa* |3u|<kapktfz )
3y oy
and - A
e-ed-kA'EK/ for pL? |3u | > kA TK (4)
. 3
3

At the matching point where €j and €g coincide, assume that the

following two terms are predominant in Eq. (2),

— - ol 5
Iy
then the substitution of Eq. (4) into Eq. (5) yields
3 ,f —
~ 2k 12 ., 3m
€0 - A

This means that, at the matching point where €i = €g, the prandtl
mixing length, £, and the dissipation length, A could be related by

= /
92 (%1)1 2 g2 -




If we select k=0.6 and Yy = 0.36 in the case without mass injection,

then Eq. (7) yields
L = 1.048A (8)

That is, the modeling of the dissipation length should be related to
the prandtl mixing length in the vicinity of the wall, where the
matching condition is considered. The polynomial relation of dissi-

pation length is therefore defined in Volume I
A 2
3 -% [0.2050 (% ) -0.5860‘ @é) + 0.4310} 19)

In order to nondimensionalize Eq. (2), the following eymbois are

defined in addition to the symbols in Reference 1:

e = eluy
K* = K/Ur2
K =A/ Lz
(10)
{Note that the definition of the eddy viscosity, € , is different

from that in Reference 1.) Then, Eq. (2) is written as

~

*
p*u* %5; + (p*‘v*G' - p*u* u_Z) iK_

z dy*
! , /2
G'?  Jdux G' d ac*  JK* PR *
= * G -— "
2e Re L’ Gy )+ 7oy Rezz 3y*) ¥ A (11)




where -, o
€% = p L lgl/ur (12)

* :
€o* ¥ k K g phi Re, 3)

and

Re = PE Up L/u, (14)

Substituting the following definitions as shown in Reference 1 into

Eq . (11) ’

Re z? : (15)

and

"

Ty = prvAG' - pkyk G't'y

z ' - (16)
we obtain
p*u* ﬂg‘- + Tzu ‘ %* 1
Y% 3y* = 2ce* F G (ay*) + oF — ay* (e ay*)
R K’*?t an
Y N

c X

Define BRKT

2 g* FG' (du*/dy*)?

™1 - aFG' g% (18)
™2 - aF (e*G"/G' + G' 3e*/ 3y*) (19)
™3 = e*3(k Ry g pAl) (20)




and
T™4 = BRKT - Y TM3 p*/ (& X (21)

then Eq. (17) becomes

Pruk KX 4 17 3K* = BRRT + TML 3’K* + TM2 3KR* (22)
dg* dy* dy*? dy*

The above equation is written in a finite-difference form as
K* -K* K* -K*
pru* mhl,n  mn 4 (12 - TM2) (& K} +_mtl.nt] wHl,n-1
m,

Agk 2 n 4 Ayt
*
- 1 ryy, o+ melatl™? M p T Meinc1)l g
3 tn 2 Ay* (23)

Thus, the resulting implicit finite difference equation for the tur-

bulent kinetic energy is written in the following form:

A3(n) K*ﬁ-*-l,n-l-l + A (n) K*nt1,n + A1 (n) K*'m-'i-l,n-l s B(n) 24)
where
A3(n) = T2 - TM2 - ™1 )
4 Ay* 2Ay* (25)
A2 (n) = pkyX + ™1
As* A6*? (26)

Aj(n) = —Ag(n) - TM1_
. v ©7)



and

*
B =i + 2% Kmn 12 om0 ok om0
As* 2 m,n 2 m,n

(28)
Eq. (28) 1s solved in Subroutine EDDY by calling Subroutine TRIM with

the boundary layer conditions of
K*pm1 = 0 and K¥*p=fMAX = o (29)

The constants, k, o and y in Eq. (17) are

Physical Quantity Program Variable
k = 0.6 - 2K

a =0.1/k ALFA

Y = 0.36 + 42.0 F in TBLEDY GAMA

(Wheee F is the mass flow ratio defined in Volume I.)
Y to be input in AIREDY

The dissipation length K is defined as BN: \

~

K = 5 [0.2050 (%) -0.5860 (g>+ 0.4310] (30)
§

The calculation methods of the inner eddy viscosity e;%,

and the turbulent Prandtl number are exactly the same as in Reference 1;

€i{* being presently defined as CUV.

The remaining definitions of program variables are shown

below.




Physical Quantity
K*
oK*/ QJy*
a%k*/ ay*’

~ -~

8,990 or § g95

Subroutine ELEMTS  (AIREDY)

Program Variable

cuu

CUUYMN

UUYYMN

SDELTA

This subroutine solves two element comservation equations for

hydrogen and nitrogen to obtain the element mass fractions of hydrogen

and nitrogen, 0y and Oy, respectively, at

boundary layer. The element mass fraction
equal to (l-og - ay ) at each mesh point.
The normalized finite difference

servation equations are the same as in Eq.

Al C 1, n-1 A2 Oy g

each mesh point in the

of oxygen, a0, is then

forms of the element con-

(24), that is,

+A3 Opg), n+1 = B

The nitrogen element conservation boundary conditions are

at the edge of the boundary layer;
aNy "=

and at the wall;

Qy oN

4 2 _ 73

aNg ¢ ANEDGE (to be given)

3

the elements, H, N, and @ are defined in the program by IEL = 1, 2,

and 3, respectively.



4. Subroutine HPYDE (AIREDY)

The main modification in the equilibrium subroutines is the
definition of the program variable, ¢F‘f In TBLEDY and Reference 1,
gF is the weight ratio of oxidizer to fuel. AIREDY defines @F as the
weight ratio of fuel to oxidizer, because the hydrogen element does
not exist at the outer boundary layer edge for air flow.

5. Subroutine PRINT

The following values are calculated and printed in this

subroutine:
Physical Quantity Program Variable
8,990 ©r § 995 = Velocity thickness (in) ZDELTA
(AIREDY) (TBLEDY) )
2
1= (te) -g-‘i = Friction (lbg/ft’) ABUT (1)
y
-5%-? = Dimensionless friction (-\) APUT(2)
e'e
£ = Eddy viscosity (-) AQUT (3)
py S
e
% = Distance from wall (=) AQUT (4)
FIST = Turbulent kinetic energy (-) B@UT (3)
e
pu = Mags flow rate (-) B@UT (4)
Pe Ve
€1 = Prandtl edd viscosity BAUT (5
' (1bg sec/ftg) duT(5)
ut = w/ug =u/yTulp = Universal velocity BAUT (6)
t = = Universal distance B@UT(7)
yT = pyur/u

- 10 -



6. Subroutine PROFIL

To initiate the calculation in AIREDY, the profiles of the

element mass fractions, ag, oy aﬁd' 0, are calculated as
ag(y) = aﬂw + (aHe - an) u/Ug

ay(y) = 0.80 [1 - oyz(y)]

and
O (¥) = 0.25 ay(y)

The initial profiles of the turbulent kinetic energy, K*, and the

eddy viscosity, €* are assumed to be

K¢ = 0.00005 U;2 [1-(y/§)1% y6 : cuu
and
— 142
s*-kApKyur : EPS
7. Subroutine VISCX (AIREDY)
This subroutine was modified to include the species, N,
Ng and N2.

The molecular viscosity, U4, of the species, N, N@#, and »
is tabulated as a function of temperature, in the range of T=100

through 5000°K, as in Reference 3.

-11 -



III. DESCRIPTION OF PROGRAM INPUT
Only the modifications to Reference 1 are shown below.

1. Both in TBLEDY and AIREDY

[Flags and Options]
ICOPL Integer flag, set as follows:

=0 for no regenerative cooling

=] for the case with regenerative cooling and
coolant flowing in the opposite direction to the
combustion product flow.

=2 for the case with regenerative cooling
and coolant flowing in the same direction

as the combustion product flow.

ITHERM Integer flag, set as follows:
=0 for the case that the internal THERM@ data
are used.

=1 §THERM@ namelist is input to Subroutine @DE.

IPQLY =0 No polynominal coefficient calculation
=] A set of polynominal coefficients for the

corrected wall contour is to be calculated.

-12 -




The following inputs are necessary, when ICPPL = 1 or 2.
For ICAPL = 0, one may ignore this input data.

[Regenerative Cooling Inputs]

COEFCL Efficiency of the regenerative cooling (-1)
MASSL Hydrogeix Coolant mass flow rate (1b,/sec)
RAMDW Thermal conductivity of the cooling tube wall

(BTU/ft sec. °R)
TUBEN Number of cooling tubes (=)
[Coolant Properties Tables]
ITZTAB Integer: Number of points in temperature versus
sz, Ags and u, table
TZTAB Coolant temperature table used to obtain Cpl ,

A%, and ug .(°R)

CPLTAB Coolant specific heat, sz (BTU/1by °R)
RAMTAB . Thermal conductivity of coolant, Aj (BTU/ft. sec°®R)
ZMYTAB Molecular viscosity of coolant, Wy (1by/ft. sec)

The length of the following tables must be identical to that of the wall
temperature table (TWTAB). \

[Coolant Wall Tables]

ALTAB Cross-sectional area of each cooling tube, 4 , (ftz)
THITAB Wall thickness of cooling tubes, t, (ft)
TLTAB Assumed coolant temperature, 'Iy,o (°R)




In the case of ICAPL = 1 or 2, that is,for regenerative
cooling calculations, the table of wall temperature, TWTAB, is used to
initiate computation. The gasvside wall temperature is internally
célculated as TWGCA at each local station. The concept and method of
calculation of regeneratively cooled thrust chambers can be found in

Reference 4.

2. TBLEDY

All input data are exactly the same as in Reference 1. Since
a strong chemical reaction occurs in the middle of boundary layers in
the case with hydrogen injection from the wall, the following constants

to stretch the normal distance to the wall are recommended

GP) = 1000.0 and SN 3 = 2.50
Although the constants, Y = GAMA and k = ZK, are printed out,
ignore them. For the constant k has been set equal to 0.6, and

Y = 0.36 + 42.0 F in subroutine EDDY.

3. AIREDY
[Flags and Optioms]
INJH2 Integer flag, set as follows:
=0 for the case of ideal gas injection. The
free stream is also a perfect gas.
=] for the case of a mixture of hydrogen and
nitrogen injection into the air free stream

flow.

- 14 -




e For the option of INJH2 = 1, IDEAL should be
equal to 1, and do not input the data, PRI,
GAMMA, and FMJLWT. AFEDGE (=0), AFTRNS, and
AFWALL must be input in this case. (If AFWALL
is not input, the program sets AFWALL = AFTRNS.)
® For the option of INJH2 = 0, IDEAL must also be
equal to 1, and do not input, AFEDGE, AFTRNS,
and AFWALL. PRI, GAMMA, and FMPLWT must be input.
[Correlation Inputs] A
GAMA The constant ¥ appeared in the turbulent kinetic
equation. (This inpﬁt may be replaced by the
relation, y = 0.36 + 42.0F, in subroutine EDDY
as in TBLEDY.)
Since the constant k = ZK has been set equal to 0.60 in subroutine
EDDY, one can ignore this input. The constants, GP@ and SN3, are

recommended to be input as 1000.0 and 2.50, respectively.

- 15 -




IV. DESCRIPTION OF PROGRAM OUTPUT

The assumed profiles of the velocity, turbulent kinetic
energy, and EDDY viscosity used to initiate calculations are printed

after the G-function output as

i Mesh point number (wall=1), under the heading, N@;
u/Ug Velocity;
K/Ue2 Turbulent kinetic energy;
£ EDDY viscosity (1bf sec/ftz)

The following additional boundary layer quantities are
printed above the profiles at desired statioms:

RTHETA = Rg = _fEEEE_ Reynolds number based on the
He momentum thickness

§* P
THLSS = [(2T 1 Pl @ cost)(l- o= o7 Mexit

Thrust loss due to boundary layer

effects (Reference 5).

THL@SS is calculated in subroutine
PRINT. Positive value corresponds
to the thrust loss, and negative

vice versa. (lbf)

For the option of regenerative cooling calculation
(ICPPL = 1 or 2) the following quantities which are mostly calculated
in subroutine PARAMS according to the method in Reference 4, are

printed.

- 16 -




Name

TLO: T£ (Xi - Axh )

TL1: Tp (%)

TL2: Ty (yq + Axiz)

TAW: Ty,
TLCA

TWL: Ty

TWL2

TWGCA: Tyg

TEMPRL:T, ,'T ,

CPL: Cp,

CPSUM

Description

Assumed coolant temperature in tubes
at the next station towards the
injector

Assumed coolant temperature in tubes

at the station where cooling parameters

are to be obtained

Assumed coolant temperature in tubes °R

at the next station towards nozzle exit.
Adiabatic wall temperature °R
Calculated coolant temperature °R
Calculated ecoolant side wall °R
temperature

(TLCA + TL1)/2.0 °R
Arithmetic average of the assumed and °R
calculated gas side wall temperatureS

(TWALL + TWGCA)/2.0

Temperature ratio of the calculated -
coolant side wall temperature to the

coolant temperature

Coolant specific heat BTU/1bm °R
Specific heat of combustion products BTU/1bp °R

in free stream

- 17 -
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°R



Name

DIATUB

THICK:

HG: hg

QwI1

SUMQWI

SQWI

SQWDSI

PRANDL

Equivalent diameter of each cooling tube

= 2 (Cross sectional area of each tube/Tr)-

Description

Thickness of cooling tubes

Heat transfer coefficient of combustion

products

Specific heat transfer rate,hg (Taw-Twl )

Total heat input through the wall into

the coolant between the initial and

present stations based on QWI

Specific heat transfer rate calculated as

- uw

= .
Prw oy

Total heat input through the wall into the

coolant between the initial and present

(Le-1) %' hyp = ]
w

1

stations based upon SQWI

Heat transfer coefficient of the

coolant fluid

Reynolds number of the coolant flow in

cooling tubes based on the equivalent

tube diameter

Prandtl numbar of the coolant flow:

Cpy My /Ay

- 18 -~
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IUnits

ft
2

ft

BTU/ftzsec°R

BTU/ft2sec

BTU/sec

BTU/ftzsec

BTU/sec

BTU/£t2sec®R




Name Desgcription Units

RAMDL Thermal conductivity of coolant BTU/ft2 sec.’R
ZMYUL Molecular viscosity of coolant 1lby/ft. sec.
STANRE Stanton number defined as ——

SQWI/[CPSUMEx (TAW-TWALL) ]

Four Groups of Profiles are next printed. In Group I, the
EDDY viscosity e (EPS) has a unit of (lbgsec/ft2) in TBLEDY and AIREDY.
This is the only difference from Reference 1. Group II shows the
velocity boundary layer thickness, &, DELTA in inches ( § = § gg5

in TBLEDY and 8 = 6,990 in AIREDY) and the following profiles:

TAU: T Friction: (u+ €) —g“y—- 1bg/£t2
TAU/ (RE*UE2) Normalized friction: ——z -—
Pele
EPS/(RH$ UE DELTA) Normalized EDDY viscosity: — - —
YTIL/DELTA Normalized distance from wallf??& —
° Group III exhibits the following profiles:
Name _ Description Units
MU: u Molecular viscosity of combustion 1bfsec/f:2
products
Y Normalized coordinate (See Ref. 1) -—
K/UE2 Turbulent kinetic energy nondim- -—
ensionalized by Ue2
RU/REUE Normalized mass flow rate: —

d“/peue

-19 -



Name Description Units

.
MIXEDDY EDDY viscosity based on the Prandtl lbfsec/ft2
mixing length
+ 1/2
UDAG: Ut Universal velocity: ul = ufup = u/(tw/p) —

YDAG: yf Universal distance from wall: —

yh = pyuwv/u
PRT Turbulent Prandtl Number ' —_—

e Group IV shows the mixture ratio, species mass fraction, molecular
viscosity, and laminar Prandtl number.
Except for the mixture ratio in AIREDY, this group of
profiles is the same as in Reference 1. The mixture ratio in AIREDY

is that of hydrogen to oxygen and nitrogen and indicated as F/@.

- 20 -



V SAMPLE CASE

CASE I

Rocket nozzle combustion product flow of hydrogen and

oxygen with transpiration cooling.

- 21 -
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CASE II

Air flow with combustion due to injection of a mixture of

hydrogen and nitrogen.
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APPENDIX A COMPUTER PROGRAM OF TBLEDY
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SUBROUTINE ADOPY ([IFLAGI

C CHANGES YO SUBROUTINE aADDPTY

CADDPY ADD ANOTHER PQINT TO THE BOUNDARY LAYER AND PREPARE FOR

C RECALCULATION OF THE COEFFICIENTS OF THE LAST TWO POINTS.
C

COHHON/DEPENOIu(ZSOqJ).N(ZSO.J).ALPuhtzso;J.Z).RHOV(ISQ)-SH(ZSO.S)
COHNON/PROP /RHO(250,3) ¢SMUC25003) 4PR(250¢3)4BLEI2RC 3D
SHI (25002961 ,SC1(25092+6),T(250,3)9AYV259)
conMON/tPROP JEPS(250,3) )PRT(250+3) 4BLET(250,3)
COMMON /YTABLE/ vrlLtzsol.BGP(ZSO).BGPPczsn).IVVILPstTtLF. /YTABLE/
Y CyYTIL (&) /YTABLE/
COMMON/EFVEC /E(250),F(1250)
COMMON/SIGMAS/STIG1(3),S162(3),S1G313),51G4(3),5165(3):51G65S5(3)
COMMON /7CALC/ ZETAO,ZETAZETAN,Z7ETAP [ 7STAR(3)yMSZ(2),YZETA, /72CaLC/
1 YTZ2ETA,YENGE /7TZCALC/
COMMON/NORMAL/BLREF UREF yRHOREF y SMUREF ,REYINF
COMMON/COUNT /NY sNYTLgNY24NY3 3 J0sINpJIA NEL NELIJNSPyNMAX NYI
COMMON/STATN /ISTATN MAXIT,ITER
connow JCONST/ SINIT XINIT XMAX DELTAL,SNTsSN2,SN3,EPSLNL,EPSLN2y /CONST/
EPSLN3,CONVRG,020Y,04DY,0DYSQ /CONST/
connou /JOMOR 1/ cuu(zso.a’.cuvtzso.sv-cvvtzso.ai CWWP250,3)3GAMA,ZK /OMORI/

C
DIMENSION SUBR(Y)
DATA SUBR/6HMOMNTM,8HENERGY ,6HELFMTS/
C
C {NCREMENT Y=COUNTERS.
C
NYSNYel
NYlsNVYe}
NY2sNYw2
C
C rXTEND EDGE PROPERTIES TO NEW POINT,
C

DO S0C J=1,3
UINY»JI®UINY L, Q)
HINYsJ)BHINYY,J)
SHINY 4 J)aSHINYL U
CUUINY  g) = CUUINY],J)
CUVINY, J) s CUVINY],J)
CVVINY,J) m CVVINYE,J)
CWWINY, J) = CwwiNY[,J)
00 100 !ELs=NEL
100 ALPHAINY, J,1EL) = ALPHA(NY] ,J,IEL)
RHOINY , J)=RHOINY] , J)
SMUINY g)sSMUINYL ,J)
PRINY s JIBPRINYL )
BLE(NY, ))=BLE(NYL ,J)
IF(JeGT 42160 T0 210
00 200 1SP=] ,NSP
SHI(NY ;U ISPIaSHTI(NYIJs ISP}
200 SCIINYJyISP) 8 SCIINY1,J,ISP)
219 TUINYJ) = TUINY],J)
EPSINY J)SEPS(NY] ,J)
PRTINY ,JISPRT(NY} ,J)
S0n BLETINY,J) @ BLET(NY1,J)
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[a N aWal (aNa¥al

(aNalNa)

FXTEND RHOV USING 3=POINT DERIVATIVE APPROXIMATION AT EDGE,

RHOVINYI=RUOVINY 1) (RUOVINYZ=1)=4e®RyOVINY2)*300RKOVINYLI)) /20

CALCULATE E AND F AT NY,

E(NY)SRHOINY , JAY RGP INY)OZETAPSYTILINY)/ZETA
FINY)SBGP(NY)/(ZETAC®ZETAGREY INF)

CALCULATE APPROPRIATE SIGMAS FOR PUSH=DOWN STORAGE AT NY = 2,

NY3=NY2=}
GO TO (4100,1200,1300)s IFLAG

CALCULATE SIGMAl FAR MOMENTUM FEQUATION,

1100 SIGI{1)= SMUINY3,  A) * EPS{NY3I,JA)

C

C

4
1200

1250

1300

S1G1(t)=s SMUINY2,0A) ¢ EPS(NY2,JA)
GO TO 1400

CALCULATE SIGMA2, SIGMAJy AND SIGMAY4 FOR ENERGY FQUATION,

D0 1250 K=sNY3,NY2

LaK=NY3e]

TML ® EPS(KyJA)

TM28SMU(K (JA)/PRIK ,JA)

TM3aTHL/PRT(K,JA)

SIG2(L)I=TM2+TMI

SIGI(L)SSMU(K ,JA)aTM24TMIoTH3

SIGHIL) = TM20(BLE(K,JA) = 1,0) & TMIS(RLET(K,Ja) = 1e0)
GO YO 1400

CALCULATE SIGMAS FOR ELEMENT EQUATION.

DO 1350 KsNY3,NY2
LasKk=NY3e|

1350_SIGSI(L) = SHMUIK JAISRLE(K,JA)/PRIK,JA)4EPS(K yJA)®

1 BLET(K,JA)/PRTIK,JA)

1400 WRITE (6,9000) SUBR(IFLAG))ISTATN,ITER
9000 FORMAT (/494 POINT WAS AODDED YO RSOUNDARY |_AYER [N SUBROUTINE

1 11H AT STATION»IS,144 AND JTERATION,I13/)
RETURN
END
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SUBROUTINE ANSWER

COMMON /POINTS/ HSUM(13)4SSUM(13),CPR(13),0LVTP(13){DLVPT(13),
GAMMASI13),P(13),T,PPP(13),WM(13),SONVEL(13),
TYT(1Y)

COMMON/SPECES/COEF (2,7,30),S(30),EN(30,13),ENLN(30),HQ(30),

1 DELN(30)sA115,30),SUB(30,3),10SE(30),TENP(50,2)

COMMONM /MISC/ ENN,SUMN.TT,SQ.ATON(J.IQS).LLHT(IS).SO(!S).

N -

Y BOP(§542) s TMyTLOW,TMIDsTHIGH PP ,CPSUM,0F ,EQRAT,

’ HSURD sHPP (2) JRHOL2) ,VMIN(2) ,VPLS(3) ,#P(2),

3 NAME (15,45) g ANUM(15,5) yPECWTI1S) JENTHI15) ,FAZI1S),
" RTEMP(15) ,FOX(18) ,DENSI15),PLN

COMMON /INDX/ CONVGsTP o HP ,SP,MOLES yNP NPT L NS kMAT; IMAT1Q1sNC,
1 JSOL»JL10s1C1Q2
CoMMON/OUTRHQ/DENT13)

pRESSURES ARE STORED IN PPP{]),
TEMPERATURES ARE STORED 1IN TTTI().
cOMPUTE SOUND SPFEn SONVEL (1),

DO 40 1=l NPT
4n SONVEL(g) = 3,28080°SART(BI14,29R340°GAMMASITI®TYTT()/WMIT))

CALCULATE VISCOSITy, PRANDTL NUMBER, AND THERMAL CONDUCTIVITY,
CaLL VISCX
CALCULATE DENSITY.
DO 40 s NPT
DEN(I)= PPPIIewM([)}/(TTT([)e].B)
6g DEN(I) = 1¢3488381166°DENL])

RETURN
END
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/POINTS/
/POINYS/
/POINTS/

/M1sc/
/misc/
/M1sc/
/M18C/

/M1s8C/
/INDX/
/iNDX/

A 196~




<

BLOCK DATA
DIMENSION ATAM{3,51),ATEM(3,54),NATE(2,30)

COMMON /MISC/ ENN,SUMN,TY,SO,ATOM(3,105),LLMT(}5),Ba(15),
BOP(1S¢2) s "My TLOW,TMID s THIGH,PP,CPSUM,0F 4EQRAT
HSUROHPP(2) yRHO(2) ,VMIN(2) ,VPLS(2) WP (2),

NAME (1SS ) 0ANUMILIS3S) 4PECHTILIS) JENTH(1S) ,FAZ(15),
RTYEMP(15) oFOX(15) ,MENS(15),TLN
COMMON /INDX/ CONVGyTPoHP SP MOLES NP NPT L NSekMAT,IMAT,1Q1sNC,

) JSOLJLIQ,1C, 102

LOGICAL MOLES

_COMMON /SPECES/ CNEF(2+7430)S(I0),EN(30.13)4ENLNI3O),HO(30),

' DFLNC(IO0) 9A(15,30),SUB(30,3),IUSE(30),TEMP(S0,2)

INTEGER SuB
COMMON /INPUT/ B(4,30),IPOLY,ITHERM,MT(4,30) ,NPROD,NSPEC,
1 PHAZI30),T1(30),T72(30)

-t

& WwN

EQUIVALENCE (ATOM{§,1)sATAM) ,(ATOM(1452) ,ATEM) 4 (DATF,EN)

ATOMIC SYMBOLSy WgiGHTS, AND VALENCES

MODIFIED FOR pUMMY ELEMENTS (4) # ¢ N 0 , (101+4)=105 ELEMENTS

’D‘f‘ ATAM/ 2HH 210081 2HHE 140003100 02HL 19609400 1092HBEI9en13020
12HB 21008201309 2He 21120011 94%4y2HN 119¢00840¢92H0 21A.0G00=2692HF
7l900000'l‘oZHNE’?jol33'0502HNl022'991ol0»2HMG:200320'2c.2u‘L026098
30.3..zu5|.za.09°.u..zuw 1309752500 2HS 13200661009 2MCL 135¢457 =10,
U2HAR 939944 ,,04¢ 9 2NK 039.l000lo.ZHfAn“OoOSD.Z-vZHSC.“lo960vlo.2NTIo“
B7¢90Q04¢ 42KV .500950050n?HcR.SZoﬂIOOJ..IHNN.SQQOQQ.,..ZufE.SSQQSO.
53002”C0o5809“0020.2NN105317|0|2tQZNCUp6305~0020.ZHIN.650380.2002HG
7‘0690720.3-.7“650720690.“-.2HAS.7“69?0.3..2HSE.780960040|2Hﬂﬂo7909
!Ibo'l0'ZNKRQQSQQOODOO|2H~H3950W800l-t?NSR.B’oéSﬁ.Z..ZHY 188,910,030
9.2"1“.9]0220'“0t?"Nﬂ"!"lO.SooZ“"O.’So’Sﬂ.&.gZNtCQ”CCO°.7QOZHRUl
‘lﬂl'l00030lZHRH.ICZt’IOo"nZHPD'loéo“OOozo.2“AG.!O7.880.!..ZHCDoll
32.9!0.2002"!“0'|“.OZO.3.;ZHSN.I130700.“..2HSB.|2|.7LQ.3./

DATA ATEM/2HTE 11270610040 42HT 11260910, =1442HXE, 1314300,00+2HCS,13
;2.9lo||ooZHﬂlo|37.360020;2“LA.I3‘0920.30gZHCEoI“Oal30030|2HPR'l~00
29104303 2HND 2 14402704303 2HPM147¢00043,32HSM,150,350,3¢42HEU,152+00
30:30:2HGD.1570250.30|2HT'1I58.930|30oZHhY.léZ-S[O.JS.ZHHO.16409“0'
H3012N€R9l67.270p3..ZHT“||65.9“0.30,2HYR.17300“0.3..2HLU.|7Q.990.3.
Sr2HHF 4 1 7Re5001 40 ¢ 2HTA 18095050 02HW ,183,880,6,12HRE 186022007692
AHOSO"OC?OO.“OOZN[R."zOZOOQ“OIZ“PTQqu!O’O.“"ZHAUQ|970000’J.02HH
7G1200061092092HTL 312040390010 42HPP 1207 421042¢02HR1+208¢990,3¢92HPO,
R210000012¢32HAT 12106000000 22HRN22240004+Ge12HFR,223,500,1¢92HRA,22
96000002002“‘(.227o°°°i30|2H7u|232'°°°|“0|?HPA023|UUOCOSolzﬂu 1238,
$00016¢ 3 2HNP 123740709501 2HPU 24200002949 2HAM,243,000)3,42HCMN,247.00
0,3, ’2"5‘.2"9.000.3.|2HC'.25'oDOO.JOOZHES.ZS“'OOOOUO |2HFHl253000°'
€ 00y2HMN 125464000100

DUMMY W C N O
A 2HHZ 410080100 2HCZr12e010 9400 2HNZ11460298,009 2HO0Z, 1640004207
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/m1sc/
/M1sc/
/MESC/
/M1SC/
/M1SC/
/1INDX/
/71INDX/

/INPUT/
/INPUTY

A 1S
A 14
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[aNa N2 0

NOMINAL ODE THERMAL DATA AND REACTANTS DATA

DATA (SUB(I 1)y 18]y6)/4KHN W HHH2 s 4HH2Q H4HO 1 4HOH  L4H02 /7,
(ODATEC L, 1) 4DATE( 2,10 1 23 ,8)/3HY 943H/6593HJ 393H/Z61,3HJ 3
IH/Z61 3K 8,3H/762,3HY I,3H/764693HJ 9,3H/768/7,(IMTLT,0)8(1,J),

1 8 1,8), U % 1 4A)/2HH 41e092H 40e0,2H 40e0s2H Co0,2HH 9200,
2H  40e042H 10¢0Ns2H 1000+ 2HH 1200+2H0 ,10092H +040,2H ,0.0,
2HO +10042H 1000s2W  10¢042H  s0e092HO 4100+24H 1140424 0.0,
2H +00092HO 120a32H  300012H  100002H 00/, IPHAZITI), I = 1,46)/
GO HG/Z,(T(T)y, 1 & (,6)/76¢300¢0/,(T2(1), 1 ® |,6)/60500040/>
TLOW,TMID,THIGH/300¢0,1000.0,5000:0/ NAME(131) JANUM{T, 1),
NAME(2,3) pANUMC 2, 1)/ 2HH 420042H0 ,2+0/,PECWT(1),PECWT(2)/2¢100.0/
sMOLES/FALSE./ ENTH/1500,0/,FA2/15¢1KHG/,
RTEMP(1),RTEMP(2)/2¢298415/FOX(1),FOXL2)/1HF,{HO/,DENS(1),
DENS(2)/20Q+.n/ NSPEC/2/yNPROD/ &/ 1 THERM/0Q/,(SUR(T,2),5UB(1,3),

1 ® 144)/712%4H ZoUNAME (1, 1) NAMEL2,1), | = 2,5)/8%2H /

DATA (((COEF(1,J,K)y J ® 1,70, 1 = 1,2), K ®» 1,4)/0;,50,400,0,

; 254714627 4=0+46018763920501400009259710627,=0¢460114762,341001901,

2 SelliIFUAYE=4,502444210E78,1=3,4909973F~1153.6948348F~15,=-877+38042

3.-|.9gzqu|.3.us7a451.2-676520:-3.65.00991625-6;5;l21039le-’.

®1e8122739E=121-988e90474,°2,2997056,2¢7167633,2.9451374€E-3»

-3002?¢3745-7.|o3226602€'Ioo'4o84721455-156-19905.ﬁ26o6c6305671n

4007012751 21,1084499E=39441571100E~6,=2:96374084E-9,8.0702103E=13,

«30279¢722,=0032270046,2:5420596,247550419E-5,3,1028033E~7,

4¢SS 108THE=12,~4,3680515F=16,29230:803,4,9203080,2,9464247,

“108381665E=3,2e¢4210318F=6,=1:6028432E%9,3,8904964E-13,291474644,

DNAD e 0D NP> N EW N

R Y

2:¢9639949,2,9106427 494593 1650E=4,81+9441902E=7,1+3756646E-11,
164224582p@14,3935,381%,5,4423445,3¢8375943,-1,0778858F~),
9:46830378E=7,1¢87139728°10,=2¢2571094E=13,3641,2823,0,49370009,
306219535, 703618264F=4,2109652228E=7,3.6201558¢=11,22,8945627E~15
£1=1201¢9825,3,6150960:308255985,=1¢878218u4E=3,7.0564544F=4,

£ 667635137E=9,201655993E212,-104745224,4,3052778/

END

DNVIE -
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SUBROUTINE BNDCND

CBNHCND CALCULATE QUANTITIES NECESSARY FOR BOUNDARY CONDITIONS AT

C
c

NOO [a Nl a N a¥a) [aNalal

la XalaXal

NANON

FORWARD STATION.

COMMON/INDEP /SsDSeXsDX,4Y(250),0Y
COMMON/XTABLE/RWTAB(SO0) s XTABRW(SOQ) s LRWTAB, [RWXP,CRWX(6),
PETAB(S00) ¢XTABPE(SO00) LPETAB,IPEXP ,CPEX(6),
UETAB(S00!, LUETAB,, IVEXP,CUEX (8],
XTOUDX(SGJ) »LOUDXT, IDUNXP
COMMON/LTABLE/TWTAB(|00]) XTARTW(100) ,LTWTAB,ITWEP,
1 SMDTAB(I100) , XTARMD(100) ,LMDTAB,IMDXP
COMMON/GEOM /RW(2) ,DRWNDX(2),THW(2)
COMMON /ZCALC/ ZETAO,ZETALZETAN,ZETAP 2ZSTAR(3),4NS2(2),YZETA,
1 YYZETA,YEDGE
COMMON/WALLBC/TWALL oSHWALL yHWALL ySMDWO ,SMPOW ,SMOWN
COMMON /EDGERC/ TEDGE, Sncoct.ueosz.UEnsE.PsoGea.ArsnsE.nueosoo
1 DUYEDS s DUEDSN,NPENSN
COMMON/NORMAL/BLRFF JUREF ¢yRHOREF , SMUREF 4 REY INF
COMMON/OPTION/IDEAL ¢LAMNR, [NCOMP

W N

MOVE FORWARD QUANTITIES TO BACK QUANTITIES,

DUEDSO=DUEDSN
SMDWOsSMNWN

MOMENTUM EQUATION ROUNDARY CONDITIONS.
AT wAlL Us2o
AY FOGE U s UE

CALL LCURV (X+DX,XTDUDX,UETAB,LD"DXT,1DUDXP,DUENX)
DUEDSNDUEDX®COSITHW(2))
DUEDS=0,5¢ (DUEDSN+DUEDSO!}

INTEGRATE TO OBTAIn UE AT FORWARD STAT1ON,
UEDGESUENGE*DUEDSeDS

eONTINUITY EQUATION BOUNDARY CONDITION,
AT walLlL ROV » MDOTW

CALL LCURY {XeDX s XTABMD ;SMDTARLMDTYAB, {MDXP ,SMDWN)
SMOWNSSMOWN/ (RHOREFOUREFOZETAN)
SMOWS QS (SMDWNeSHDNO)

gNERGY EQUATION BOUNDARY CONDIYIONS.

AT wall H = HW
AT EDGE W s ME
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CALL LCURV (XeDX XTABTW,TWTAB,LYWTAB,ITWXP,TWALL)
CALL XNTERP (XeDX ,PEDGEB DPEDX ,1PEXP ,XTABPEPETAB,LPETAS,

1 CPEX, IPEXP!
C
C ABTAIN SHEDGE,
C
SHEDGt'HEDGE-UEDGE'UEDGE/2'
IF(IDEALCGT«0)GO YO 300
C
C cALL HOODOE TO OBTAIN SHWALL AND HWALL.
C
CALL HOODE (3)
RETURN
C
C cALL 1GOpDE TO 0BTaAIN SHWALL AND HWaLLe
C

300 calL 16OpE {TWALL s SHWRPEDGEB 1 DUMMY 1 s pUMMYZpUMMES)
SHWALL®SHWB/ {UREFsyREF)
HWALLsSHWALL
RETURN
END

SUBROUTINE CONTNU

CCONTNY INTEGRATE CONTINUITY EQUATION FROM waLL TO EDGE TO OBTAIN
C RHOV PROFILE aT M ¢ 1/2,
c

COMMON/DEPEND/U(250¢319H(25043) ) ALPHA(250,3,2) +RHOT(250)+SH(250,3)
COMMON/ INDEP /S5,08,X,0X,Y{250),0Y
_COMMON/PROP JRHO (260,30 :SMU(250,3) y"R(2580,3),BLE(280,3),

1 SHT (25041206 )1S5C1(25012+6),Tv25003)1AY(250)

_COMMON /YTAgLE/ YTIL(2S0) yaGP(250) 9 RAGPPI2S0) 2y IYTILP IYTILF /YTanLE/

v CyTiL(6) /YYTABLE/

COMMON/GEOM /RW(2) ,DRWOX(2),THW(2)

COHNON JTCALC/ ZETAOLZETALZETANZZETAP ,ZSTARTI) y0SZ(2),YZETA, /7ZCALC/
YT2ETA,YEDGE 7ZCALC/

COHHON/'!LLBC/TIALL,SH'ALL MWALL ,SMOWO ,SMDW ,SMOWN :
_COMMON/CONST /SINIT, KlNlY;XNll.DELYA!,SNI.SszSNJ EPSLN] I EPSLNZ,
1 EPSLN3.CONVRG,02DY,04NY,00YSQ

'\ COMMON/COUNT /NY NY1 o NY23NY3I U0 9sUNsJAGNEL JNELL INSPyNMAX NY
COMMON/NEWL1 /J2D,UEK,RHOEK
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INITIAL CONDITION « AT WALL RHOV = MDOTW

[a N aXal

RHOV (| )=SMDW

C
C INITIALIZE PUSH=DOWN STORAGE.
C
RUMNI=RHO(1,J0)oU(|4J0)
RUMINISRHO(] g UNYSUL T UN)
RWAVESQ,Se(RW((|)eaW(2))
DRWDOS®0.Se(SIN(THW(1))I*SIN(TH¥(2)))
DO 100 Is2,NY
RUMNSRHO( 1 ,00)0U(1,J0)
RUMINSRHO(T yINI QU] o JN)
DRUDSS(RUMINSRUMINI=RUMNORUMN] ) /(2,008)
DRUDYS(RUMINSRUMNLRUMINI=RUMN] ) e02DY
RUMNNHEQ¢ 258 (RUMINSRUMIN] ¢RUNNSRUMNLE )
GPNH®(],Se(BGP([~1)+BGP(1))
YINHEQSo(YFIL(T=y)+YTILIT)Y
RHOV(1)mRHOV(1=1)4DY®(=0RUDS/GPNH=FLOAT(J2D)*RUMHNHeDRWDS/
1 (GPNHORWAVE)I*ZETAP/ZETASYTRHONRUDY)
¢
C pUSH=DOWN STORAGE,
C
RUMN I SRUMN
100 RUMINL = RUMIN
RETURN
END e e e+ e
SUBROUTINE CPHS A |
_COMMON/SPECES/COEF (257,30)+5(30),EN30,13),ENLNI38),HO(30),
1 DELN(30) eAl15,30),SUB130,3),1USE(30),TEMPI50,2)
_COMMON /MISC/ ENN,SUMN,TY,SO,ATOM(3,106),LLMT(18),B0(15), /M18¢C/
1 BOP(1542),TM TLOW,TMIDsTHIGH,PP,CPSUM,0OF ,EQRAT, JMISC/
2 HSURQHPPT2) ,RHO(2),VMIN(2) ,VRLS(2),%wP(2), /M1SC/
A NAME (1595) ) ANUM(15+5) yPFECWT(15) ENTH(1S),FAZ(15), /M1SC/
9 RTEMP(16) ,FOX(15) ,PENS(1S) ,TLN JMISC/
_COMMON /INDRX/ CONVG,TPHP,SP MOLES,NP NPT L NSyKMAT,IMAT,1Q1NC, /INDX/
1 JSOL,JL1Q,1C,e1Q2 /INOXR/
A 2
J =}
K=} A 13
IF (TTLLE.TMID) Ke2 A 1
KKsQ A 1§
CPSUM=Q, A 16

THE TESTY FOR EQUALITY BETWEEN NON=INTEGERS MAY NOT BE MEANINGFUL.
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20 IF (COEF(Ky1sJ)eNEsQe) GO TO 30 A a7
IF (JUSE(J)eLTe0) GO TO 40 A 18
ey o
IF (KK,EQey) K2 ' gg
3o -S(J,.(("coﬁF‘K'S'J’,“.’.TT.COEF(‘.“.J’/3.).'YOCOEF(K.Q.J)/Z.).TY.. A 22
1COEF (K 2,J))OTTeCOEF(K,44J)eTLNGCOEFIK,T7, ) A 23
_HO(J)D(l((COEF(K;S.J)ISo)OTYOCOEr(Ko“vJ)/Mc)OTT$C0EF(Ko3oJ)/30"TT A 24
1*COEF (K 42,J)/24)8TToCOEFIK,1,J)4COEFIK,6,4)/T7 A 25
-CPSU"-CPSU"O‘((‘COEF(K.S.J)OTTOCOEF(K.I‘.J, YeTTHCOER(K )3, J) )eTT+COE A 26
1FIKs2,J))10TTSCOEF (Kol JIIOENLJINPT) A 27
IF (XK.EQ,0) GO Yo 40 A 28
KeKK A 29
KKk=0 A 30
49 IF (J +EQ¢ NS} RETURN
JuJdel A 32
SSD'O 20 A 33
A 3S5e
SUBROUTINE CPSPEC (TMPR,NNPT)
cCPsPeC THIS ROUTINE WAS BEEN MODIFIED FROM OnE SUBROUTINE cPHS TO
C CALCULATE CP FOR EACM SPECIES (IN CAL/MOL=DEG K} AND CPBAR
4 (IN CAL/GM=DEG K)o
C
COMMON/SPECES/COEF (2,7:30),5030),ENC30;13),ENLN(3B) HO(30),
1 DELN(30),A(15,30),5UB(30,3),10SE(30),TEMP(50,2)
COMMON /M{SC/ ENN.SUMN.*T.SO.Atont3.!05).LLnttls).aoctsy. /M1SC/
h BOP(1592) ¢ TM, TLOW,THIDsTHIGH )PP 1CPSUN, OF JEQRAT, /M1sC/
2 HSURQD,HPP(2) JRHO(2) ,VMIN(2),VPLS(2),WP(2), /M1scC/
3 NA“:(|5o5)oANUM(lSoS'oPEcHTIlS’.ENTH(]S).FAZ(ISio /M1sc/
4 RTEMP(15) ,FOX(15) ,DENS(15),TLN /M1SC/
COMMON /INOX/ CONvG,TP.HP,SP.MOLES;NP.NPT,L,NS.KHAY,[NA?.101.NC. 7INDX/
1 JSOLsJLIQ,1C,1Q2 /7INDX/
COMMON/CP1 /CP1(30),CRBAR
C A 12
Js |
Ksl A 13
IFITMPROLEITMIDIK=2
KK=0 A 15
CPBARsQ,
‘® THg TEST FOR EQUALITY BETWEEN NON=INTEGERS MaY NOT BE MEANINGFUL.
20 1F (COEF(KylyJ)eNFeOe) GO TO 130 A 17
IF (IUSE(J)eLTe0) GO TO 4@ A 8
K=l A 20
IFf (KXeEQel) Kx=2 A 21




30 CPI(J) = COEF(K,1,J) ¢ COEF(K,2,J)®TMPR ¢ COEF(K,3,J)eTHPRee2
i COEF(Ky4,J)8TMPRo®3 ¢ COEF(K,5,J)0TMPReoy
CPI(J) = J49A7165eCP(J)
CPBARSCPBARSCPI(J)OENIJ,NNPT)

IF (KKeEQe0O) GO Yo 40 A 28

KsKK A 29

KxsQ A 30
40 IF (J +EQe NS) RETURN

JeJ+l A 32

GO T0 20 A 3

END A 35.

SUBROUTINE BERBUG (SNAME)
CDERUG DERUG ROUTINE FOR EX!1T ON PROGRAM=-DETECTED FRROR
c

COMMON/STATN /ISTATN,MAXIT,ITER
c

WRITE (4,9000) SNAME,ISTATN,ITER
9000 FORMAT (/29H EXIT CALLED FROM SURRQUTINE ,A8s11m AT STATION,IS,

1 14H AND I1TERATION,}3)

CALL SUMTAB

CALL EXIY

RETURN

END

e oot e e 0 v e e < . . S e > ————————— — - > P

SUBROUTINE OUMPIT

cCoumPy T DUMP MATRIX COEFFICIENTS FOR A GIVEN NDIFFERENCEZ EQUATIONS

C
COMMON/DEPEND/UI280,3) 4 HU25043) yALPHA(250,3,42) ,RHOV(25Q0) sSHI250,3)
COMMON/MATRR /A(250,3),B(250)
COMMON/EFVEC /E(25(G),F(250)
COMMON/SIGMAS/SIGE (3)9S1G2(3),SIGI(I),SIGH4(3)4S1G5(3)+51655(3I)
COMMON/COUNT /NY MY ] gNY2yNYI JO )Ny JA  NFL ,NELI sNSP MMAX,NY]
COMMON/STATN /ISTaTN MAXIT,ITER

1a}

WRITE (46,9000) ISTATNZITER, I ,UCToJUNIsHIToJUN) sSH{TJUN) RHOVI(T)
WRITE (4,9010) (1 ,0AC =dyJ)eJm]),3),B(1al) ECI),F(1),Uull,JN),
1 HUDoJND ySHETUN) ;RHOVIT) ,1n2,5)

NYL_L®NY=4
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WRITE (4490100 (1, (AIT=14J),J81,3),8(1=1),E(1)sfl1)jUl],UN),
3 HU1oJND) ySHOT yJN) ,RHOV (L), 1aNYL,NY])

IsNY

WRITE (699020) ToUCToJIN)aHITUN) sSHIT,UN) RHOV(])
ANRITE (4,9030) tS1G1(1),81G2(1),S1Ga(1y, SlGU(I) W S165¢(1),
1 S1GSS{1)1m1,3)

RETURN

9000 FORMAT (/72146/110472X,1P4EL2.4)
9010 FORMATY (1104,1P10E1264)

9020 FORMAT (110¢72XsI1PHELI2e4)

9030 FORMAY (15X ,IP&EI244)

END

c
CEOnY
C

SUBROUTINE EDDY

CHANGES TO SUBROUTINE EDDY
CALCULATE TURRULENT TRANSPORY PROPERTIES

COMMON/DEPEND/UI250+3) +H125093) yALRHA(250,4342))RHOVI25Q) ¢SH(250,3)
COMMON/ INDEP /5,D08,X,DX,Y(250),0Y

_COHHON/PROP JRHO (2503) ¢SMU(25043),PR(250,3) BLE(RSQ,:3)

SHY (250¢2+6),SC1(2504296),T1250,3)1,A7(250)
COMMON/TPROP /EPS(250,3)sPRY(25043),RLET(250,3)

Connon JYTABLE/ YTIL(250),BGP(250),BGPP(250) s IYTILPIYTILF, /YTABLE/
CYTIL(G) /YTABLE/

connou JZCALC/ ZETAOL2ZETA,ZETANIZETAP 2STAR(3)y0SZ(2),YZETA, /72CaLC/

1 YTZETA,YEDGE /71CALC/

COMMON/WALLBC /TWALL ,SHWALL HWALL ,SMOWO ,SMDW ,SMOWN

_COMMON /EDGEBC/ YEDGF.SHEDGE.HEOGEoUEDGE.PEDGEB AFENGE ,DVEDSO, /EDGEBC/
DUEDS ,DUEDSN 4 OPENSN /EDGEBC/

connoulnoaMAL/aLREF.uner.RHOREF.SMUREF.REVlNF
_COMMON/CONST JSINEToXINIT  XMAX JDELTAL,SN14SN2,SR3,EPSLNI +EPSLNZ,
EPSINIyCONVRG,020Y,04DY,00YSQ

]
COMMON/COUNT /NY NYJoNY2)NY3,J0, JNQJ‘.NEL NELLIsNSP NMAX NY]

COMMON/NEWL /ALEW!S,TLEWIS

COMMON /EFVEC/ EL125D),F(250) /EFVEC/
COMMON /MATRX/ A(250,3),B8(250) /MATRX/
COMMON /OMORT/ CUU(250+3) +CUV(250,3)+CVVI250+3),CWN{250,3),GAMA,ZK /O0MOR]/
COMMON/MUZZY/SOELTA
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nEW
E.... FIND SOELTA AT USE.99S5 SUE FOR PeWe MWse, NEW LAMDA, JULY 12,1973 eees NEW
Do 35 Ks1yNY NEW
IsNYe ek NEW
SXI®ABS(U(] 4 JN)=UEDGE) /UEDGE NEW
IF(SX1+GE«D0.005) GO YO 30 NEW
Sx2eSX} NEW
GO T0 35 NEW
30 TDELTAmY([¢1)=DY®(5X2-0+005)/(5X2=5X1) NEW
GO TO 38 ~NEW
35 CONTINUE NEW
38 CALL XNTERP(TDELTA,SDELTAOUMMYL  BYTILP Y, YTILINY,,CYTIL,ITVILF) NEW
4
OPEDSN==RHO(NY , JN)§UINY ,JN)®DUEDSN
C
4 fIND DELTA, THE VALUE OF YTIL AT WHICH U = 00995 ® UF,
(<
DO 100 K=j,NY
{aNYel kK
TMI®aaS(UlT s IN)=UEDGE ) /UEDGE
1F (TMl +GEe 0+0050) 6GQ TO SO
TM2 = TMy
GO T0 100
80 YDELTA=Y(1e))epY®({TM2=0:005)/(TM2=TM!)
GO TO0 120
100 CONTINUE
(4
C FIND DELTA CORRESPONOING TO YDELTA,
C

120 CALL XNTERP (YDELTAWNDELTADUMMY] ,IYTILP,Y YTILINY,CYXTIL,IYTILF)
IYTILFSIYYILP

C CALCULATE TURBULENTY TRANSPORT PROPERTIES AT EACH MESH POINT,

EPS{1,JUNI=QO,
PRTUL)UN) = 13,60/(114400SART(PRI]4JINID)
T1sREYINFeZETAN
T28T1/26.
DERIVSO2DY®(=U(3 4 JN)*4e®UI2,UNI=2e8Ul1,UN}}
PARENSSMU{ Tl ,UN)eBcP (1 )eDER]IV/T]

Ice THE TEST FOR EQUALITY BETWEEN NON-INTEGERS MaY NOT BE MEANINGFUL.
IF (SMDWN (NE, Oor) GO0 Tn 170
TM3 ® TIeZETAN®e2/(SMUlL 3 UNIC(BGP(LI)CDERIV)ee])
TMG & 140 ¢ 11.80eDPEDSNOSQRT(TMI/RHO(],JN)Y
IF (TMU4 LLEe 0+0) BN = 1.0
IF (TMU ,GTs CeO) BN = SQRT(TMY)
GO Y0 180
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C
C

<

[aNaNal

C

[ala)

170

189
THE TEST FOR EQUALITY BETWEEN NON=INTEGERS MAY NOT BE MEANINGFUL.

190

TM3 = 1),80°SMOWN/SQRTIRMO(]I ¢UN)ISSQRTITISZETANG®28SMU( ] yN)Y/
1 (RGP (L )eDERIV))
TM4=DPEDSN/ (SMUL] ,UN)®BGP (1 )eDERIVeSMDWN)

0O 3N0 ! = 2,yNY

IF(SMOWNJEQ.0,)1GO TO 190

TERM=EXP(TMI/SMUC T JN))
BNESQRT(=TMYOSMUL [y UN)® (1 =TERM)STERM)

BRKY = «T20YTIL(I1)eBN/SMUCT  JIN)®SQRTIRHO(]4JIN)SPAREN)
CVVII,JN) = BRKT

CUVIT UN) = Do160eTI®BGPITIOYTILIT)IOYTIL(T)ORHOYIgUN)®

1 ABS(O2DYo{UlL*1,UNY=UCT=),UN)))O(],0-EXP(BRKT))®e2

CALCULATE TURBULENT PRANDTL NUMBER.,

300 _PRT(IsJN) = 0e40/0440° (100 = EXPIGRKT)II/ (10 = EXP(26,0°

10

1 SQRT(PR(T,INV)ISRRKT/34,01))
I = 2

CALCULATE TEMPORARY QUANTITIES

UYMN = (U(T1¢1,JUN) = UllelJN))eO2DY

RHOP = (RHO(1¢),UN) = RHO([=1,UN})s02DY

UUYYMN = (CUU(le],J0) = 2.0°CUU(T1,J0) « CUUlLl=] ,JO))eODYSQ
CUUYMN o (CUUIT®1,J0) = CUU(T=t,J0))e02DY

SMUY 8 (SMU(1+14Un) = SMU(=14JN))s02DY

ALFA = pelg/s2K
T2 a RHOV(1)1eBGP(]) « UIT,UN)eEC(T)
GAMASO0360 & 42400 2ETANSSMOWN/ (RHOINY , UNYCUINY ;UN))

®e®ec00s NISIPATION LENGTH MODIFIED MAY 9,1973 eeeeqe

SLS = YTIL(1)/DELTYA

SLS2 = SLSesLS

BN = YTIL(I)®(0e20509SLS2=045860°SLS*0.4310)

BRKT = 2,0 #EPS(I,JO)eF(1)eBGP(1)oUYMNee2

TM]L = FUIIORGP{TIVeEPS(] ,JO)eALFA

DERIV = 02DYS(EPS([*1,J0) = EPS(l=],J0))

TM2 = F(1)e(EPSI1,JOVeBGPP(1)/BGP(]) ¢ BGP(1)eDERIY)eALFA
TM3 & (EPS{14J0)/(ZKOTIORHOIT ,UN)eBN) oo

TM4 = BAKT = GAMASTMIORMO(],JN)/IZETANeBN)

COEFFICIENT OF CUU(N®Tl s Me])

All»1,3) = Q04pYS(Y2 =« TM2) = 0,5000DYSQeTHMI

AlI=1,2) & RHO(TyUNISU(T 4 UNI/DS & ODYSQeTHE

Allel 1) = «aA(le],3) « ODYSQeTM]

BUI=1) = TH4 & RHOIT JUNIOU(T,UNI/DSOCUU(T,J0) = QoBOe(T2 « TM2)e
CUUYMN ¢ QiSOCUUYYMNeTM]

1 s 1 ¢

IF (1 oLE. NY1) 60 70 10

Alt,y1) = 0.0

AINY2,3120,0

CALL TRIM(A,CUUL2,UN) B ,NY2,NMAX)
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[a¥aXal

laaXal

CUVUCL1sJN) = 000
CUUINY,UN) s Q.0
CuUVIit UN) = 0.0
00 1000 ts2,NYl
ee®tevoe OISIPATION LENGTH MODIFIED MAY 9,197) e®esye
SLS s YTIL(I)/DELTYA
SLS2 ® SLSeSLS
BN = YTIL(])e(0e20500SLS2«06584600S5LS*0,4310)
IF( CUULT 4UNYoLTeQe0) CUU(T4UN) =0.0
EPS(JsJUN) ® RANOZKORHO(I 4JUNIOSQRTIABSICUU(] INI)IOREY INFeZETAN
IF (CUV(1,JN) oLE, EPSUT,UN)) EPS(I4JN) = CUV(T,JN)

1000 CONTINUE

60

EPS(14JN)=0.0
EPSI(NY,JN)=0.0

SMOOTH THE EDDY V]SCOSITY ecsssssccce

00 400 I1=3,NY2

EPS(TyJA) 8 (EPSU[<2,UNI*EPS(1=1sJNIC®EPS(4JN)*
] EPStlel,JNIREPS(142,UN))/S,0

NEW K eoeesccvse CUUl ] 4 JUN) (XXX XYY XY

SLS ® YTIL(1)/DELTA

SLS2 s SLSeSLS

BN = YTIL(1)0(0e2n500SLS2-0¢508600SLS*0,4310)
CUUCToJIN) ® (EPS(19JA)/(ZXeBNORHN(] UN)OT)))0e2

400 EPS(I,JN) = EPSIT,JA)

600

CALCULATE TURBULENT LEWIS NUMBER.

DO 600 t=1.NY
BLET(I,UN) & TLEW]S

RETURN
END
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SUBROUTINE ELENMTS
CELEMTS SOLVE EACH SYSTEM OF ELEMENY EQUATIONS FOR ELEMENT MASS
C FRACTIONS ALPHAL(M*E 4N),
C

COMMON/DEPEND/U(250+3) 1M 125043) yALPHA(280,3,2) ,RHOV(250) +SH(250,3)

COMMON/ INDEP /S,DS,X4DXyY(25%0),0Y

COMMON/PROP /RHO(250,3T9SMUC25043) ,PR(250,3) +BLE(RSG,:3)

1 SHT1(25002+6)4SC1(2%09206),T(2%50,3),AV$250)

COMMON/TPROP /EPS(250,43)+PRT(250,3),BLET(250,3)

conuou JYTABLE/ YTIL(250),BGP(250),BGPP(250)»1YRILP{IYTILF,

CYTIL(S)

COMMON/nAfRX /A(250,3),8(250)

COMMON/EFVEC /E(250),F(280)

COMMON/SIGMAS/SIGY (319ST162(3),S163(3),S1G64(3)+S1G5(3)sS1G55(3)

_COMMON /ZCALC/ ZETAOLZETYA,ZEYAN,ZETAP,ZST R¥3),pS2(2),Y2ETA,

1 YTZETA,YEDGE

COMMON/WALLBC/TWALL ;SHWALL ,HWALL ,SMDWO ,SMDW,SMDWN

connon /EDGEBC/ TEDGE ,SHEDGE HEDGE yUEDGE ,PEDGEB ,AFE®SGE ,pUEDSO,

OUEDS ,DUEDSN ,DPENSN

connonlnoanAL/aLugr.uacr.nuonsr.snuatr REYINF

_COMMON/CONST /SINIT XINIT XMAX,DELTAT,SNIySN2,SNI,EPSLNIEPSLN2,

1 EPSLN3,CONVRG,02DY,04DY,00YSQ

COMMON/COUNT /NY NYT o NY2ZyNY3,J0 3 JUNyJASNEL (NELDL oNSP NMAX,NY]

COMMON/NEW3 /AFTRNS PLAW

FOR EACH ELEMENT EXCEPY LAST, EVALUATE COEFFICIENTS OF SYSTEM OF
ELEMENT CONSERVATION EQUATIONS,

(ol a N oY s)

SIG5S(1)eS1GS (1)
$1655(2)851G65(2)
DO 4000 I!EL=1,NEL}
SIGS(1)=S1GES (1)
S165(21=S1G5S(2)
INCRMTeQ

In2

CALCULATE TEMPORARY QUANTITIES,

(alaXal

100 BE = E(1}

BrsF(1)

_SI1GS(3)aSMUIT1+1,Ja)eBLE(T¢],JA)/PR(TI®],JA)"

1 EPS(141)JA)OBLET(14),JA)/PRT(Ta1,yJa)
S1GS5Y=(S1GS(3)=S1G5(1))e020Y
AYMNS(ALPHACT 1,00, 1ELY=ALPHA([=1,J001EL)}®02DY
AYYMNSCALPHA(T 1,0, 1ELI 2,0 ALPHALL JO,IEL)¢ALPHA(= I.JO.IEL))O

1 oDYSQ
TERMSBFeRGP(1)9S1G5(2)9QDYSQ
TMI=BGPP(])eSIGS{2)/BGP(])eBGP(L)eSTIGEY
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TM2esRHOV(1)eBGP (1)
TMIsRHO (1 ,JAYOUC(T ,JA)/DS

COEFFe OF ALPHAI (Mol N=I)

[aNaXal

All=1,11204D0Y0(BEeU(T,J0)aTM24BFeTH])ags5eTERM

COEFFe OF ALPHAT(Me],N)

[a¥alal

A(l=142)=sTMISTERM

COEFFe OF ALPHAL(Me]  Net)

[aNaXNal

All=1y3)s=A({le],])=TERM

RIGHT=HAND SIDE (INCLUDING U(Ms),N) TERM ORTAINED FROM MOMENTUM
EQUATION)

[aNaNalal

_BUI=1)aTMISALPHA(],4J0,1EL)=0e5eTM2eAYMNS
1 QeSORFe(TM)SAYMNSRGP(1)0ST1GS(2)eAYYMN) O ,SepFEeAYMNOU(] JUN)

pPUSH=DOWN STORAGE

(2l ala)

S165(1)=S51G65(2)

S1G5(2)=S5165(3)
Islel
IF (1 LLE. NYI) GO TO 100

MODIFY FIRST AND LAST ELEMENT EQUATIONS BaY BOUNDARY CONDITIONS,

[a N alal

IF(INCRMT.GT+0)GO TO 250
BIGASREYINFOZETASZETACSSHMOWSPR(| ,JA)/(BGPIT)eSMUILJA)SBLE(]L,JA))
DENOM=2,0DYeRIGA+ 3,
A()s2)mAC)92004,0,¢1,1)/DENOM
Al 3)SAlLl43)=Al1, 1)/DENOM
BUI)®B()=A(],1Y02,00Y8BIGACGAFTRNS/DENOM
A(l.".OQ
250 B(NY2) = BINY2) = A(NY2,3)8AFEDGE
A(NY2,3)20,

C
C SOLVE ELEMENT EQUATIONS FOR ALPHAL (Mol ,N)Y, N-2.3.-oo;NY-|
C
CALL TRIM “.ALPHA(Z.JN.!EL, 9B INY2 ,NMaX)
C
(o APPLY BOUNDARY CONDITIONS FOR ALPHAI(Mel;1) AND ALPHAT(Mel 4NY)
<

ALPHACL yUNGTEL)I m(qo@ALPHALZ2 ¢ UNJIEL)=ALPHA(I4JUNZTEL)S2,0DYeBIGAS
1 AFTRNS)/DENOM

ALPHA(NY s UN, TEL) =AFEDGE

TEST = ( ALPHA(NY(,UN,1EL) = ALPHAINY ,UN,TEL))/ZALPHA(NY ,UN,IEL)
IF(ABSITEST)LECEPSLNIIGO TO 4000
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SOLUTION DOES NOT ASYMPTOTICALLY APPROACH EDGE CONDITIONS,
{NCREASE THICKNESS OF BOUNDARY LAYER B8Y ADODING ONE POINT,

[aNaNalal

INCRMT= {NCRMTo |
IF(INCRMTGTo5)CALL DEBUG (LHELEMTS)

IFINY.EQ.NMAX)ICALL DEBUG (6HELEMTS)

CALL ADDPT (3)

[eNY~}

Go 10 100
9000 CONTINUE

c
C CALCULATE MAss FRACTION QF LAgt ELEMENy (NELY AT EACH MEgH POINT,
C

D0 S000 Isl,yNY

SUMEL=Q,

DO 4500 !ELs},NEL)
4500 SUMEL = SUMEL ¢ ALPHMA(I,JN,IEL)
S000 ALPHA(T ,UNJNEL) = 1,0 = SUMEL

RETURN

END

SUBROUTINE ENERGY
CENERGY SOLVE SYSTEM OF ENERGY EQUATIONS FOR ENTHALPY HiMel,N),
C

COMMON/DEPEND/UI250,3)sHI25003) ,ALRHAI250,3,2) 4RHOV(25Q)sSH(250,3)

COMMON/INDEP /S,DS,X,0X,Y{250),0Y
COHNONIPROP /RHO (250931 9SMU(250+3)4PR(2S8+3)+BLE(RS0+3)
su!(lSo,z.b).5C!(250o2o6).7(250.3)oA'(ZSO)
CONHON/TPROP 7EPS(250,3)sPRT(250+3),BLET(250,3)
COMMON /YTABLE/ YTIL{250),BGP(250)),BGPP(280),1YTILP,IYTILF,
1 CYTIL(S)
COMMON/MATRX /A(250,3),B8(250)
COMMON/EFVEC /EI2%Q) ,F(250)
COMMON/SIGMAS/S1G1{3)ySIG6G2(3),SIGI(3),S1GA(3)sSI1G5(3)+SIGES(I)
COMMON/WALLBC/TWALLsSHWALL JHWALL »SHDWO,SMpW o SMDWN
_COMMON /EDGEBC/ TEDGE,SHEDGE NEDGE.UEDGE PEDGEB ,AFENGE ,DUEDSO,
1 DUEDS 4DUEDSN,NPENSN
connoulconsv /SINTPT XINIT ¢ XMAX 4DELTAT,SNT ,SN2,SNI,EPSLNI+EPSLNZ,
EPSLNI,CONVRG,N2DY,04DY,08Y5Q
connoulcouur /NY yNY L ¢NY2yNY3, U0, JN.JA.N:L.NELI.Nsr.nnax NY]
COMMON/I1DEBUG/ IDEAUGII) KMODMP ,KENDMP

C
C FVALUATE COEFFICIENTS OF SYSTEM OF ENERGY EQUATIONS,
C

INCRMT=Q

1s2

- 90 -

/YTABLE/
/YTABLE/

/EDGEBC/
/EDGEBC/



[aNa¥al laNaNaNaNalal [aNalial oONnnNn [aNaNa)

[aNalal

CALCULATFE TEMPORARY QUANTITIES,

BE = E(1)

BFsF ()

TISEPS(1+1,JA)

T28SMU(16] 3 JAY/PRIT*1,JA)

TIsTI/PRY (141 ,UN)

SIG2(3)uT2+7]

SIGI(3)eSMUITel 4 JaA)=T2¢T1=T]
SIGH(3)1eT20(ALE( T+l 4 JA) =1 )eTIe(RLET( o1, yAd=]0)
S1G2Y=(S1G2(3)=S1G2(1))en20Y
S1GIY=(SI1G3(3)=S1G3(1))e020DY
SIG4Y=(SIGH4(I)=SIad(l))eD2DY
UYMNS(ULT+ld0)=U(l=1,J0))e02DY
UYYMNE(U(T+],J0)=2,0U(1,J0)sU(]=1,00))e0DYSQ
HYMNB{H{T1+1 ,J0)=H{]l=1,J0))e02NY

HYYMNE(H{1e] ,J0)=2,0H{TJO)eH(TI=1,90))e0DYSQ
TERM=BFeRGP(1)eS12(2)e0DYSQ
TMI=BGPP(1)eS1G2(2)/BGP(1)1+BGP(1)eS1G2Y
TM2BRHOVI(T)eBGPI( )

TM3sRHO( 1 ,JAYeU(] ,JA) /DS
TERMUSBFOBGP(1)10S1G3(2)e0DYSAU(T1,J40)

TMUI®*BGPP(]1)0S1G3(2)/BGPIT)epaGP(1)eSIGaY
COEFFe OF H(Me)  N=j)
AlI=141)=04DYe(RECY(T,J0)=TM24BFeTM])=Q,5e¢TERM
COEFFe OF H({Meo|,N)

A(I=142)sTMISTERM
COEFFe OF H(Me]  ,Noy)

All=133)s=pA(le],]1)=TERM

RIGHT=HAND SIDE (INCLUDING U(Me],N) TERMS OBTAINFD FROM MOMENTUM
EQUATION)

COEFFe OF U(M+] 4N=y)
COEFF 204DY*BFeTMU|oU(],J0)+02DYeRFeRAGP(1)eSIGI(2Z)SUYMN=Q,5«TERMU
¢cOEFFes OF U(Me] N}

COEFF2uaeSo(BESHYMNGBFOTMUISUYMN)eQe5eBFeBGP([)1eSTIGI(2)0UYYMNe
1 TERMU

COEFFs OF U(M®) Not)

COEFF3n=COEFF | -TERMU
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[a W aNa)

(alaNal

1So

[aNaXal

[aNaNaNaNal

250

(s XaXal

[a¥a¥al

SOLVE ENERGY EQUATIONS FOR HiMe]yN),

APPLY BOUNDARY CONDITIONS FOR H(Me1l,t)

FVYALUATE SUMMATION OVER SPECIES

SUMSP=Q,
DO 150 1SP®],NSP

STORE TEMPORARY AVERAGES.

SHIMIARQeSO® (SHI(T=] s JOYISPI*SHI(TI=] ,UN,ISP))
SHIA ®0eS®(SHItI 2 JOISP)eSHE(T 1IN, ISP))
SHIPIARQ,S@ (SHI(1a],JOISP)IeSHI(Te] ,JUN,ISP))
SCIMIARQeSO(SCItI=T JOISP)eSCLII=],JN,ISP))
SCia s=Q.5¢(Sc1(1 21 JO18PYeSCL (] N, 1SP))
SCIPIASQS®(SCI(1¢8,3J0ISPI+SCI(T1e],UN,ISP))
SHIYS02D0Ye(SHIPLIASHIMIA)
SClY=020YS(SCIPIA=SCIMIA)
SCIYY=SODYSQe(SCIP1A=2,0SCIASCIMIA)

SUMSP = SUMSP o SHIACSCIYe(BGP(1)eSIG4Y ¢ BGPP(1)eS1G4(2)/BGP(1Y)
t ¢ BGP(I)eSIGH(2T@(SHIYSSCIY & SHIA®SCIYY)

ASSEMBLE ALL TERNMS,

_B(I-I’HYHJOH(!.JO)-OoSO(YHZOHVHN'BF"TNIOHVHNQBGP(1)05162(2)’
1 HYYMN) ) *BF o SUMSPoCOEFFIoUl =y UNI=COBFF2eU(]l }UN)e

? COEFFleU(lel,JN)

PUSH-DOWN STORAGE

S162(1)eS1G2(2)
$1G2(2)=81G2(3)
S$163())85163(2)
$163(2)=g1G3(3)
S1Gél1)mgrGa(2)
SIGH(2)mg1G4 ()

j=gel

IF (1 oLEe NYI) G0 Y0 4100

MODIFY FIRST AND LAST ENERGY EQUATIONS AY BOUNDARY GONDITIONS.

AT waltl H = HW
AY EDGE W s NE

IF({INCRMT,GT,0)GO TO 250
BtlieBll)=a(t, l)ouwaALL

Atl,1)=Q,

B(NY2) = B{NY2) =~ AINY2,3)eHEDGE
A(NY2,31e0,

CALL TRIM (A, H(2:JUN)B¢NY2,NMAX)

HULgJIN)mHWALL
H{NY»JINI)SHEDGE
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o CALCULATE SH(Me ,N) FROM W(Mel ,N)y N=l,,},,NY

DO 300 1=1,NY
300 SHITIJIN) 3 WU, UN) = Ul 9UN)I®e2/240

C
C PRINT DEBUG FOR TH1S ITERATION, IF REQUESTED.
c .
IF(KENDMP+GTe0O)CALL DUMPLTY
TEST & ( HINYQyUN) = HINY YN I/HINY 4 IN)
IF(ABS(TEST) oLE«EPSLN2IRETURN
c
C SOLUTION DOES NOY ASYMPTOTICALLY APPROACH EDGE CONDITIONSS
c {NCREASE THICKNESS OF BOUNDARY LAYER BY ADOING OME POINT,
c
INCRMT®={NCRMT+ |
IFUINCPMToGTS)CALL DEBUG (6HFNERGY)
IF(NYEQeNMAX)CALL DEBUG (6HENERGY)
CALL ADNPT (2)
{aNYl=1}
GO T0 100
END
SUBROUTINE EQLBRM
ROUTINE TO CALCULATE EQUILIRRIUM COMPOSITION ANn PRAPERTIES
ODOUBLE PRECISION X,G
OATA IE /IHE/
DIMENSION PROW(1S)
LOGICAL CONVG,HP,1CoISING,LOGV,TP
_COHHON /POINTS/ HsUH(IJ)oSSUN(IJ’.CPR(l3),DLVT?(l3)5DLVPT(13).
1 GAMMASL13),P(13),T,PPP(13),WM(13),SONVEL(]12),
2 TYT(13)

_COMMON/SPECES/COEF (2.7o30l95(30i.EN(30t13).ENLN(3O).H0(30).

! DELM(SD).A(lS.JO).Sue(SO.J),lusslgo).rEMP(SO.Z)

COMMON /M1SC/ ENN,SUMN TT, SO, ATOMID,106) ,LLMT(LIS),B88(15),
BOP(1542)4TM,TLOW,TMID,THIGM,PP,CPSUM,OF ,FQRAT,
HSURQHPP(2),RHO(2) ,VMINI2) ,VPLS(8) ,%P(2),
NAne(IS.Siu!NUNGIS.S).Pech(l!).ENVH(|5).rAZ(|5)o
RTEMP(1S),FOX(1S),PENSIIG),TLN

COMMON /DOUBLE/ GI(20421),%(20)

_CoMMON /INDX/ CONVGI TPy HP o SPyHOLES yNP NPT s L 4y NSy kMAT , IMAT, 1Q] sNC,

1 JSOL (JLIQ,1C,1Q2

B W N -
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40

50

é0

e aNaKal

&o
%0

130

CRITV & 5,0€=¢
ISINGS FALSE.
ENNLSALOG(ENN)
LOGVSFALSE,
PPLNSALOG(PP)
TUNSALOG(TT)
CONVGs.FALSE,
ITNUMB = 100

IF (1C) GO YO 180
TMeALOGI(PP/ENN)
IF (oNOT.TP) CALL CPHS

IF (TP (ANDs (CONVG «ORe ITNUMB

IF (1C) GO TO 6130

IF (eNOToCONVGeOR,JSOLEQ.O)

ENSOL®EN(JSOL NPT)

EQ.

GO YO SO

1001

EN(JSOL ,NPTISENIJUSOL yNPTI+ENIJLTIQ NPT

IUSE(JL1Q)a=TUSECLILIQ)
IQIsIQt=}
DLVTIPINPT)=Q.

CPRINPT)I=(Q,

GAMMAS(NPT)=Q,
LOGVS«TRUE.

CALL MATRIX

NUMA = 101 =« [TNUMB

IF (eMOTJCONVG) G TO 90

IF (LOGV.AND,JSOL,EQ.Q) GO TO 70

DO 60 1=i,tL
PROW(T) = G(IQI,1)
IF (eNOT.LOGV) GO TO 90

CALL CPHS

LOGY = ;TRUE.-- SET UP MATRIX YO SOLVE FOR DLVPTY

G(IQI,1Q2)SENN

1921Q1~}

DO 80 I=),!Q

G(I1,102) = G(1,1Q1)

I (CONVG) IMAT 8 IMATY = |
17STeIMAT

CALL MGAUSD

IF (ITSTeNESIMAT) GO TO 1SQ
IF (eNOT, CONVG) GO0 Y0 289
IF (LOGV) GO TO 630

SuUMag.,

DO 130 JUsi,L

SUM = SUM ¢ PROW(y)eX{JY

OLVTPINPT)I® ) 4¢Gl102+1Q1)/ENN=SUM/ENN=X(1Q1)

CPRINPYI=G(1Q2,102)
DO 1%0 J=i,101
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149

Ldalalal

160

170

CPRINPT) = CPRINPT) = GIIQ2y4)eX ()
LOGVETRUE,
G0 70 S50

SINGULAR MATRIX

IF (eNOT.CONVG) GO TO 1640
WRITE (4,750)

1C=s+TRUE,

GQ 70 630

IF (oNOToHPeOReNPTeNEo 1l sORONCIEQeDOR,TY,(T.180,) GO TO 170
WRITE (4,760}

GO 10 690

WRITE (4,770}

I (1C)Y GO YO 690

IF (ISING) GO TO 240
NTZERO=Q

D0 220 JJ=1 NS

1F (TUSE(YY)) 220,200,190

THe TEST FOR EQUALITY BETWEEN NON-INTEGERS MaY NOT BE MEANINGFUL,

190

IF (EN(JJIINPT)JEQ,Qe) GO TO 490
Go Y0 210

THe YEST FOR EQUALITy BETWEEN NON=INTEGERS MaY NOT BE MEANINGFUL.

200

210

220

239

2490

IF (ENCJIWNPTIGNE,Je) GO TO 210
EN(JJINPT) ‘= {,0E=b

ENLN(JJY 8 =13,8155]]

GO TO 220

NTZEROSNTYZERO+}

CONTINUE

IF («NOT,IC) GO TO 230
1CaeFALSE .

GO T0 %49

ISING®* TRUE

wRITE (4,789}

GO TO 40

IF (NTZEROWNE.(L=1)) GO To 46990
i1F ’E@RAYOGTOloUOjOIOORQEQR‘T0L700699999) GO TO 69¢
ENNsOQO,

NEN=Q

DO 260 1=1,L

JEN=D

DO 250 Jsm|,4NS

THe TEST FOR EQUALITY BETWEEN NON=INTEGERS MaY NOT BE MEANINGFUL.

IF LENCJINPT)IEQens) GO TO 250

THE TEST FOR EQUAL!ITY BETWEEN NON-INTEGERS MAY NOT BE MEANINGFUL

IF (At1,J).EQ.0,) GN TO 25Q

IF (JENJNE.Q) GO TO 240
JENBY
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100
101
102
103
104
105

107
108
109
110
1t

113
114
115
116
117

118
119

120

123
124

125
126
127
128
129

131
132
133
134
135
136
137
138

139
140

141
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250

260

CONTINUE N
NENaNENe |

EN(JEN NPT ISBGIT) /AL T JEN)

CONTINUE

IF INENJLTNTZERO) GO TO 490

CONVGEoTRUE,

I1Cse TRUE .

HSUM{NPT) =0,

00 270 J®1,NS

® THF TEST FOR EQUALITY BETWEEN NON=INTEGERS MAY NOT BE MEAN{NGFUL.

270

280

[a N alal

290
3co

310

320

IF (EN(J,NPT),EQens) GO YO 270
ENNSEN(J,NPT)+ENN

ENLN(J) & ALOGIEN(J,NPT))
HSUMINPT)ISNSUM(NPT)SENIJ,NPT)eHO( J)

CONTINUE

TMaALOG(PP/ENN)

GO YO 49

ITNUMBS I TNUMB =]

IF (ITNUMB oLTe 37) CRITV & CRITV ¢ 2,80F=7

OBRTAIN CORRECTIONS YO THE ESTIMATES

KKsLe|

OLNT=X(1Q2)

IF (TP) DLNT=Q,

DO 320 Jsi NS

IF (TUSE(J)) 320,290,310
DELNT(JISHO(UISOLNT=HO(JFOSIJI=ENLNEJI=TMax(1Q])
DO 300 K-"L

DELN(J) » DELN(J) + AIKJ)eX(K)
G0 Y0 320

DELN(J)ax (KK)

KKsKKe}

CONTINUE

AMBDAS,

AMBDALS®],

SUMsX (1Q})

IFf (SUMLTe0e¢) SUMs=SUM

IF (DLNT«GTeSUM) SUMSOLNTY

IF (=DUNTeGTeSUM) SUMSeDLNT

DO 330 Js| NS

IF (IUSE(JU)NE.O) GO YO 330

1P CLENCJIINPT)eGY 00 ) e ANDIDELN(U) o 8ToSUM) SUMSDELN(J)

THE TEST FOR EQUALITY BETWEEN NON-INTEGERS MAY NOT BE MEANINGFUL.

330

IF ((ENCJGNPT)IeNE,Qe) e ORGDELNI(J)eLE.D,) GO YO 330
SUMIS (29,21 2«-ENLNIJISENNL)/(DELNIJY)=X(1Q11Y)

IF (SUM]JLT.0¢) SuMieseSUM)

IF (SUMI.LT.AMBDAL) AMBOALISSUM])

CONTINUE

IF (SUMGT,2,) AMBDA®2,/SUM

IF (AMBDAL«LT.AMBpA) AMBDASAMBDA]
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193
194
148
146
197
148
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152
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156
187
158
159
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167
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173
174
175
176
177
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180
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182
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186
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188
189
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[alaXal

360

7o
lag

3%

[aRalal

400

*

410

F Nalalal

APPLY CORRECTIONS TO ESTIMATES

SuM = 0,0

DO 380 usi NS

IF (I1USELJ)) 3804+360,370
ENLN‘J’-ENLN(J)‘AMBOA‘D(LN(J)
EN(JWNPT)I=Q,

IF (ENLNCGJ) o 18¢50 LEs ENNL) GO TO LY.1)
ENC(JINPTISEXP(ENLNIJ) )Y
SUMSSUMSENIT J4NPT)

GO T0 380
ENCJINPYISEN( ) NPT)+*AMBDACDELN(Y)
CONTINUE

SUMNSSUM

IF (TP) GO YO 390
TUNSTLNeAMBDACDLNTY

TTSEXP(TYLN)
ENNLSENNLSAMBDA®X(]Q1)
ENNSEXP(ENNL)

IF (LLMT(L)NELIE) GO TO 420

CHECK ON REMOVING [ONS

D0 400 J®i,NS

THE TESY FOR EQUALITY BETWEEN NON=INTEGERS MAY NOT BE MEANINGFULe

IF (A(L,J)EQ.0¢) GO TO 400

1r (EN(JJNPT) 4GTege) GO TO 420
CONTINUE

DO 410 Jwj NS

THe TEST FOR EQUALITY BETWEEN NON=INTEGERS MaY NOT BE MEANINGFUL

IF (AL J)eNEWQe) TUSE(J)==10000
CONTINUE

Lai=]

1Qi=s1Qtl=1

GO YO0 &g

TEST FOR CONVERGENCE

IF (ITNUMB.EQeQ) GO TO 4g
IF{NUMB,EQe1} GO TO 40O

IF (AMBOALTele) GO TO 4g
SUMe (ENN=SUMN) Z7ENN

IF (SUMeLTe0s) SUMa=SUM

IF (SUM «GTe CRITy) GO TO 40
00 439 J=y,NS

ir (IUSE(J)eLTe0) GO TO 43gQ

AASDELN(Y)/SUMN
IF (AAGLTeQe) AAm_ A

IF (TUSE(J).EQe0) AASAAGEN(J,NPT)
IF (AA «GTe CRITV) GO TO 40
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430
440

E0O0NN

4460

470

480

4990

L ]

00

eV AAN

CONTINUF

CONVGses,TRUE,

IF (1TNUMBINE.O) GO TO 4SO

WRITE (6,840) NPT

IF ‘.NOYDHPIORON’YONE.'OOR.NCCEQOOOORJTYOBT.loo.) GO YO 690
WRITE (4,760)

TY = 7

RETURN

CONVERGENCE TESTS ARE SATISFLIED, TEST CONDENSED SPECIES,

IF (NCeEQeQ) GO Tn 420

S12EFsQ.

INCa=g

D0 570 Js=i1,NS .

IF (IUSE(J)EQeQOR«IUSE(J)¢EQs=10000) GO TO S7n
INCsINCe}

IF (EN(J,NPT)) 465,480,540

IF (JeNE«JSOL.ANDeJeNEWJLLIQ) GO TO 470
JSOL=Q

JLIQ=0

191s1Q) =}

EN(J NPT )I=Q,

GO T0 400

KGs|

IF CIUSE(Y)EQe=TUSELY*1)) GO TO 490
IF (JeEQe1sOR,IUSE({JIeNE4=JUSE(J=1)) GO TO 540
KGae=]

JKGs JeKG

IF (EN(JUKGyNPT)4LTe0.) GO TO 570
THMELTSTEMP({INC,1)

IMPINCOKG

THE TESYT FOR EQUALITy BETWEEN NON=INTEGERS MAY NOT BE MEANINGFUL .

IF (TMELT.EQ.TEMP(IMP,2]) GO TO §10
TMELTSTEMP(INC,2)

THF TEST FOR EQUALITy BETWEEN NON=INTEGERS MaAY NOT BE MEANINGFUL

IF (TMELTEQ.TEMP(IMP,1)) GO TO 500
WRITE (6,860)

JTH SPECIES A SOL{D (ENgO), (JeKGITH SPECIES A LIQUID (EN IS ¢)

IF (TTeGToTMELT) 6O TO 540

THe TEST FOR EQUALITY RETWEEN NON=INTEGERS MAY NOT BE MEANINGFUL,

IF (TPoANDSTT,EQ.TMELT) GO YO 540
IF (TP) GO YO0 530

IF (TYTeLE+TMELT=150.) GO YO 530
JSoL®J

JLIQ®UKG

60 70 S20
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2%)

258

2%7
258

260
261
262
263
244
2685
266
267
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287
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sV ANANN

520

| EaNalal

JYH SPECIES A LIQUID(EN=D), (JeKG)ITH SPECIES A SOLINn (EN S )

IF (TY.LTLTMELT) GO TO 540

THE TEST FOR EQUALITY BETWEEN NON=INTEGERS MiY NOT BE MEANINGFUL.

IF (TPLANDOTT.EQ«TMELT) GO TO 540
IF (TP) GO Y0 530

IF (TT.GE.TNELTOISO.) GO T0 530
JSOL=JUKG

JLigsy

TUNSALOGI(TMELT)

TY=TMELY
EN(UKGINPT)IBSeEN(JKGyNPT)
EN(JINPTISENI JKG,NPT)

GO TO0 s9p

WRONG PHASE INCLUDED FOR T INTERVAL, SWITCH EN

EN(JINPT)ISENIUKGINPT)
IUSE(JU)d=1USE(J)
JUSE(JUKG)s=lUSE(JKG)
EN(JUKG,NPT)=Q,

GO T0 410

® THF TEST FOR EQUAL!Ty BETWEEN NON-INTEGERS MaAY NOT BE MEANINGFUL,

S4Q

S50

560
S70

IF (TYToLTeTEMP(INC, 1) eAND TEMPIINC, 1) NEsTLOW) GO TO 560
IF (TToGTTEMP(INC,2)) GO TO 560

SUME0,.

DO S50 1sq,L

SUM & SyM + A(l,J)ex(])
DELFesHB(J)=S(J)=SUuM

IF (DELFeGE+SIZFF,ORDELFe¢GE«De) GO TO 540
SIZEF=DELF

JOELF=y

IF (INCeEQeNC) GO TO S80

CONTINUE

:® THg TEST FOR EQUALITY BETWEEN NON-INTEGERS MAY NOT BE MEANINGFUL.

s8agQ

590
600
610
620

[ EaNa¥al

640

IF (SIZEF.EQeNe) GO TO 420
JeJDELF

IQI=1Q1¢}

IUSE(J)e=1USE(J)
CONVGEoFALSE.

TNSNUMS

ITNUMB = (g9

GO TH 40

CALCULATE EQUILIBRIUM PROPERTIES

SSUMINPT) =g,

IF (JLIQeNELO) EN(JSOL,NPT)SENSOL

DO 440 Jml,NS

Ssas(J)

IF (TUSE(JY)eEQeO) SSESS=ENLNIJ)=TM
SSUMINPT) ® SSUMINPT) ¢ SSeEN(J,NPT)
IF (eNOTLIC) GO To 650
DLVPT(NPY)say,

OLVYP (NPT )=},

CPRINPT)aCPSUM
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301
302
303
304

305
306
307
308
3oe9
310
ity
312
an
g
3is
316
7
3is
e
jao
32y
322

323
324
327
J2s

3
kR )
334
33s
3346
337

338
339
340
34y
342
343

346
347
4
349
iso
asi
is2
354
35S

iss
3589
360
36}



GO TO 470 A 362

650 SUMS0e A 36
Og 660 y=14¢ A 364
66g SUM = SUM o+ PROW(J)eX(J)

DLVPTI(NmT)Im=2,¢5Uuu/ENN*X! QL) A 367

1F (UL1QeEQe0) GO TO 670 A 348
IUSE(JLIO)m=lUSE(JLIA) A 369
HSUMINPT)IsHSUMINPT)+ENIJLIQyNPTIS(HO! JLTIQ)=HO(JSOL)) A 370
l1Ql=1Q1+} : A 371
GAMMAS (NPT )sw|o/0LUPT(NPT) A 372

GO 10 480 A 373

470 GAMMASINPY ) =ei o/ tpLVPTINPY) e (OLVTP(NPT)ee2)eENN/CPRINPT)) A 374
680 TTT(NPT)I=TY A 375
PPP(NPT)=PP A 376
MSUM{NPT)sHSUM(NPT)eTY A 378
WMINPT)®] o /ENN A 379

RETURN
c A 384
4 ERROR, SET TTsq A 38%
c A 386
690 TT=Q. A 387
NPTaNPT~} A 388
RETURN

. 750 FORMAT (28HODERIVATIVE MATRIX SINGULAR ) A 395
760 FORMAT (96HOLOW TEMPERATURE IMPLIES CONDENSED SPECIES SHOULD HAVYE A 196
1 BEEN INCLUDED ON AN INSERT CARD, RESTART) A 397

770 FORMAT (16HOSINGULAR MATRIX) A 398
780 FORMAY (BHORESTART) , A 399

840 _FORMAT (/,2X,65H130 ITERATIONS DID NOT SAYISFY CONYERGENCE REQUIRE
I1MENTS FOR POINT,13)

860 FORMAY (SOHO3 PHASES OF A CONDENSED SPECIES ARE OUT OF ORDER ) A 41}
END A 417
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SUBROUTINE EXECUY
C CHANGES TO SUBROUTINE EXECUT
CEXecut EXECUTION CONTROL ROUTINE
C

COMMON/DEPEND/U(25043)sH125003) ,ALPHA(250,43,2) yRHOV(250) +SH(250,3)
COMMON/ INDEP /S,06,X,0X,Y(250),DY
_COMMON/PROP /RHO(250,3) ySMUI25043),PR(250,3),BLE(RS0,3)

1 SH1(250+2+6),SC1(25042+46),71250,3),A¥(250)
COMMON/TPROP JEPS(250,3)sPRT(25043),RLET(250,3)
_COMMON /ZCALC/ ZEYAO,ZETA.ZETAN.ZETA’,?STAR(J)5052(2).Y7ETh. /72CALC/
t YT2ETA,YEDGE /72CaLC/
COMMON/WALLBC/TWALL s SHWALL ¢ HWALL 4 SMDWO,SMAW,SMDWN
_connon /EDGERC/ TCDGE.SHEDGE.HEDGEoUEDGE.PEnGEB;AFEDGE;nUEDSO’ /EDGEBC/
1 DUEDS DUENSN,DPENSN /EDGEBC/

COMMON/NORMAL/BLREF yUREF yRHOREF y SMUREF ,REY INF

COMMON/CONST /SINITHXINIT XMAX,DELTATI,SN14ySN2,SN3,EPSLN] EPSLN2Z,
1 EPSLN3,CONVRG,020Y,04DY,0DYSQ

COMMON/COUNT /NY aNY L oNY24NY 3,000 UNsJAGNEL (NEL] ¢NSP,NMAX ,NY]
COMMON/OPTION/IDEALLAMNR, INCOMP

COMMON/STATN /ISTATNGZMAXLIT, ITER
COMMON/PRNTCT/NSPRNT yNLPRNT , ISPRNT, ILPRNT ,LNSPPG,LINESR
COMMON/SUMARY/SUMARY (154 30) yNREC/NSTA, [STRyNVAR, IDRUM,LAST
COMMON/IDEBUG/IDERUG(3) yXKMODMP ,KENDMP
COMMON/RSTART/IRSRD, IRSWR, I TaPE

COMMON /AL/ INSTAT,EPSLIN

COMMON /OMORI/ CUU(250,3),CUVI250+3)9CVVI25043),CWN(250,3),GAMA,ZK ZOMOR[/

4
MADFLGs=Q

4

¢ mEGIN CALCULATION OF WNEW STATIONS.

c

200 ISTATN s |STATN + |
IF (ISTATN oLTe INSTAT) GO T0 100
EPSLNL s EPSLIN
EPSLN2 = EPSLIN
EPSLN3 = EPSLIN
100 ITER = @

<

C
¢ CHECK IF DEBUG IS ON.
c
KMODMP=Q
KENDMP=(Q
IF (IDEAUG(1) L,LE, O) GO TO 240
IF (ISTATN oLTe IDEBUG(2) +ORs ISTATN ,GT, I1DEBUG(3)) GO TO 240
IFC(IDEBUG(I)+EQet )KMODMPE)
IFUIDERUG()eEQe2)KENDMPE]
C NETERMINE NEW STEPSIZE AND CONTOUR PROPERTIES AT FORWARD STATION,
C

240 CALL STEP
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¢ALCULATE ZETAN AND ZETA FOR ITER = D¢

[a N aXal

ZETANSZETAO+DSeZEYAP

ZETAS0.S*(ZETAOSZETAN)
C
d eVALUATE WALL AND EDGE CONDITIONS AT FORWARD STATIOR,
C

. CalL BNDCND
‘®  YMg TEST FOR EQUALITY BETWEEN NON=INTEGERS MAY NOT BE MEANINGFUL,
IF(SMDWNeNE«Qs IMADFLGHL

g AR EG I N I TERAT11ON LoOOP,

c {HPOATE SHW AND HW RASED ON LATEST O/F AT Walle

c300 IF (IDEAL +EQe O o+ANDs ITER «GTe 0) CALL HOODE(3)

2 UPDATE AVERAGE PROPERTIES AND CALCULATE AUXILIARY QUANTITIES FOR
C DIFFERENCE EQUATIONS.

‘ CALL [ITERAT

g SOLVE MOMENTUM EQUATION FOR Ue

‘ CALL MOMNTM

g UPDATE AVERAGE U FOR SUBSEQUENT EQUATIONS.

C

IFLINCOMP«GT0)GO TO 370
D0 320 t=1,NY
320 VUll,JA) = geSgetU(l,JO) ¢ ULT,JNY)

(4
C SOLVE ENFRGY EQUATION FOR H AND SHoe
C

CALL ENERGY

IF(IDEALGT0)GO TO 340

IF(MADFLG+EQ.Q)GN TO 340

[a)

SOLVE ELEMENT EQUATIONS FOR ALPHALS

(]

CALL ELEMTS

CALCULATE LAMINAR TRANSPORT AND THERMOpYNaAMIC PROPERTIES AT EACH
MESH POINT.

[aXalNalal

340 IF UIDEAL «GTs O) GO TO 345
CALL HOODE (4)
60 70 379
345 DO 350 1 = ] ,4NY
SHB®SH ]y UN)OUREF oUREF
CALL 1GODE (T(1ygN) SHBPEDGEB,O0+RHOB,SMUR,PRIT,JUN)Y
RHO(! ,JN)SRHOB/RHAREF
3Sg SMU(LI,JUN) = SMUB/SMUREF
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(o uPDATE ZETaN, ZETA, ANO ZETAP,
C
370 <ALl ZFuNC
C
C CALCULATE TURBULENT TRANSPORT PROPERTIES,
C
IF(LAMNR.GT.0)GO TO 380
CALL EDDY
C
C INTEGRATE CONTINUITY EQUATION TO OBTAIN RHOV.
C
38p CatLL CONTNU
C
C tF ITERATING ON SOLUTION, CHECK FOR CONVERGENCE oR MAXIMUM
C ITERATIONS,
c
IF (MAXIT JLE. 0O) GO0 Y0 5Q0
IF (ITER oNEs Q) GO0 TO0 420
DyDYO = Q20Y®(4e0eUl29UN} = 3,00UCL,UN) = UT3,uN))
ITERSITER)
GO T0 3g0
$20 DUDYSO2NYO(=U(IyUN)*4eoUl2,UN)=3,0U( 1 ,JN))
IF(ABS((DUDY=-DUDYQ)/DUDY) ,LE,CONVRGIGO TO 500
IF (ITER +GE, MAXIT) GO T0 s00
ITER s [TER + |
ouoYOosDUDY
GO 10 300
(o
C FEND o F 1 TERAT ! ON toopr ,
c
S0 X = X ¢ DX
S=S+DS
<
C CALCULATE GROSS BOUNDARY LAYER PARAMETERS,
Cc
CALL PARAMS
C
c cHECK FOR END OF CASE.
.
IF (X ¢ 1.0€=6 +GEs XMAX) GO TO 900
<
C PRINT AT THIS STATION IF REQUIRED,
C
CALL PRINTY
C
C CALCULATE ZETA AND ZETAP FOR NEXT SYATION,
C

ZETAPS(ZETAN=ZSTAR(1))/(DSZ(1)+DS)
ISTAR(1Y=2ETAD

ZETAOSZETAN

DSZ(1)=pS
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e ¥aNalal

580

590

400

900

MOVE FORWARD VALUES TO BACK VALUES.

DO 400 Isi,NY
UCToJOYmUL]yJIN)
HUL3JOIBH{T,JUN)
SHI1sJOYESH(T 4 UN)
Cuutl,Jor a Cuutl JN)}
CUV(1,J0) & CUVIT JIN)
CVV(1,J0) s CVVLIL JN)
CWW(1,J0) = CWWl],JN)
Do $80 tEL=1,NEL

ALPHA(] ,J0,TEL) = ALPHA{I,JN,IEL)

RHO( 1 ,JOYSRHO( ], JN)
SMULT,,J0)aSMULTyUN)}
PR(1,JOVSPRIT ,JN?
BLE(T,JOYSBLE(4JN)}
D0 S90 1SPs|  NSP

SHI(1,J0,1SPIuSHT(],JN,1SP)
SCI(1,JO0,1SP) 3 Scl{l,JN;ISP)

TCIJOYET (], IN)
EPS(1,00)mEPS(1,JIN)

PRT(1,J0)=PRT(I4JUN)

BLET(1,J0) s BLET([yJN!

Go TO0 290

FND OF ST acrT

1 QN

CALCULAT LI ON

¢ND OF CASEs PRINY FINAL STATION,

ISPRNT & 0
ILPRNT=Q
LAST=}

CALL PRINT
CALL SUMYaB

IF(IRSWR.GT.QIEND FILE ITAPE

RETURN
END
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SUBROUTINE GFUNC

CGFUNe GENERATE ARRAYS OF YTIL, BGP, AND BGPP VSs NORMALIZED Y=B8G

C
C

[ NaNalal

[aNaNaNalal

AT EACH MESH POINT IN THE BOUNDARY LAYER,

COMMON/INDEP /S,DS,X,0X,Y(250),DY

COMMON /YTABLE/ YTIL(250),BGP(250),8GPP(250),I1YYILP,IYTILF,
1 cyYTILS)
_COMMON /2CALC/ 2ZETAO,ZETA,ZETAN,ZETAP ,ZSTAR(3)0SZ(2),YZETA,

1 YTZ2ETA,YEDGE
COMMON/NORMAL/BLRFEF UREF yRHOREF y SMUREF ,REYINF

COMMON/CONST /SINIT XINIT o XMAX,DFLTAT,SNT SN2,SNIEPSLNI sEPSLN2,
1 EPSLN3ICONVRG,02DY,04DY,00YSQ

COMMON/COUNT /NY ¢MY1 yNY29NYI 003Ny JAZNEL ,NELLI¢NSP ,NMAX,NY
COMMON/NEW?7 /GPO,PAMB, INTDK,2ETAP]

DOUBLE PRECISION NARG,DPAREN
OATA EM1/1.71A2818/

tF NO STRETCHING FUNCY!ON 1S SPECIFIED, SEY ¥ = YTIL,

THE TEST FOR EQUALITY BETWEEN NONINTEGERS MaAY NOT BE MEANINGFUL,

1S

IF(SN3I«NE«Qe)GO Tn 150
YYEDGESDELTALI/(BLREFSZETAQ)
YEOGE=YTEDGE

TiaNY]

DYSYEDGE/TI

YYZETAm),

YZETASYTZETA

00 100 1=] ,NMaAX
Y(1)SFLOAT(l=1)eDyY
YTILII)=mY (1)

BGP(1)=g,

BgPPIil) = g.0

GO YO 2s¢

APPLY NEWTON=RAPHSON ITERATION TO FIND ALPHA (SN1) AND BETA (SN2)
FOR STRETCHING FUNCTION.
FIND ALPHA AND BETA WHERE DY/DYT = [INPUT VaLUE,

POWER s 1.0/SN3
YTEDGE=DELTAI/(BLREFeZETAQ)
1=0

YINs] E=?7

160 DARGSEMISYTN/YTEDGE*].

170

BRKT=DLOG(DARG)

FXNSEM|/SN3IeBRKTe e (POWER®]|,)/DARG=GPO

FXPNSEM] /SNIS({(POWER=]¢)®RRKTIO(PONER=2,)1BRKTC®e (POWERw] o) )@
EME/(YTEDGE®DARG*DARG)

YTNISYTN=FXN/FXPN

IF(ABSCIYTNLI=YTN)/YTN)+«LE.+0O01)GO TO 170

YTNsYTNI

[mje]

IF(1eGT100)CALL NDEBUG (&HGFUNC )

GO YO 140

SNl = YYNI/YTEDGE

SN2e (ALOG(EMISSNI+l o) ) ®SsPOWER
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nETERMINE YTEDGEs YEDGEe AND FIXED NESH SPACING pYe
ALSO DETERMINE YZETA,

N NN

Yeoct'?':oes'((ALoc(enl0l|-°s~l’*|-!’-opoign-suz)

TIeNY?

Dy=ayEDGE/ T

YTZETA=],

YZEYA.YTEDGEO((ALOG(EHIO(YTZETA/VTEDGEOSNt)ol.)qoo’owea-suz)
C
C GENERATE ARRAYS oF v, YTIL, BGP, AND BGPP AT EACH MESH POINT,
C .

DO 200 I=]NMAX
Y([) ® FLOAT(1~1)eDY
DARGS(Y(1)/YTEDGE+SN2)oeSN3
DPARENSDEXP(DARG)=14+000
VTIL(l)lVTEDGEO(DPAREN/EHI-SNl)
ARGEEMIo(YTILILI)/YTEDGE+SNI)ot,
BRXKT=ALOG(ARG)
BGP(I1)MEM]/SNIeBRKTee (POWER=14) /ARG
200 BGPP(1) = EMI/SNIG((POWER « 1.0)1°B8RKTee (POWER = 2,0) =

1 BRKTee (POWER & 1,0))9EMI/(YYEDGE®ARGee2)
c
C wRITE YYIL, Y, BGP, AND BGPP ARRAYS,
4

26g VYTIL(1) = 0.0
e THE TEST FOR EQUALITY BETWEEN NON=INTEGERS MAY NOT BE MEANINGFUL.
IF(SN3,EQ.0.,)60 To 300
WRITE (6,9000)
9000 FORMAY CEHE s3I XU MYTIL 946X 3HYSG 18X 2HGP 41T X s 3HGPP/)
NYUsMINGINYIe31,NMAX)
WRITE (8,9100) (YTILIT)Y(1),BGP(1)1,BGPP(1),1s1,NYU)
9100 FORMAT (20X,1PY4E23.7)

C
C SET COUNTERS.,
<

300 NY = NYT ¢ |
NYlsNY=]
NY2eNY=2
lYyTiLPe0
IYTILF=0
RETURN
END

- 106 -




SUBROUTINE HOODE (I1CALL) :
CHOODE TFCAL = ODE INTERFACE SUBRQUTINE FOR WYDROGEN=BXYGEN SYSTEM,

C
C TFCBL COMMON BLOCKS
C

COMMON/NEPEND/U(250+3)sH{250,3) yALPHA(250,3,2) RHOV125Q0),SH{250,3)
COMMON/INDEP /SSsnNSsXsDX4Y(250),DY

COMMON/PROP /RHO(25093))SMUI250+3),PRNO(250+3),;BLEL250,3),
1 SH1(25002+6)45C1(2504206),TEM(250,3),AV(250)
COMMON/XTABLE/RWTAB(S00) 4 XTARRW(S00) s LRWT AR, IRWXP,CRWX (&),
1 PETAB(SO0) +XTARPE(SOO) s LPETAB,IPEXP ,CPEX(S),

2 UETAB(S00), LUETAB,IUEXP ,CUEX (&),

3 XTOUNX(SO0) 4+ LOUDRT, IDUDXP
COMMON/WALLBC/TWALL ySHWALL yHWALL 4 SMDWO,SMDW,SMOWN

COMMON /EDGEBC/ TEDGE,SHEDGE ,HEDGE ,UEDGE ,PEDGEB ,AFEDGE ,nUFDSO, /EDGEBC/
1 DUEDS,DUEDSN,DPEDSN /EDGEBC/
COMMON/NORMAL/BLREF ,UREF yRHOREF y SMUREF ,REY INF
COMMON/COUNT /NY NY ] NY24NY3,)0,JINyJANEL ,NELLoNSP ,NMAX,NY

COMMON/STATN /ISTATN MAXIT,ITER

COMMON/PFGAS /GAMMA ,FMOLWT ,PR]
COMMON/NEW] /ALEwWIS,TLEW!S

COMMON/NEW2 / RHOEB,SMUER,REYL,SXD

COMMON/NEWY /1YEQ

COMMON/NEWIO /APROF(S0) ,YBYNA(SO) sLAPROF, 1AYP,CAYX(8),aFWALL
COMMON/RSTART/IRSAD, IRSWR, [ TAPE

C
4 ADE COMMON BLOCKS
c
_COMMON /POINTS/ HSUMI13]14SSUMII3),CPRI13) ,DLVTP(13),DLVPT(13), /POINTS/
1 GAHMASClJ),D(]J).T;PDp(|3’.wn(l3).SONVEL(13). /POINTS/
2 TrTira) /POINTS/
_COMMON/SPECES/COEF (2,7,30)+5(30),EN(30,13),ENLN(30),Ha(30),
DELN(J0)sA(15,30),5UB(30,3),1USE(30),TEMP(50,2)
COMMON /MISC/ ENN,SUMN,TY SO,ATOM(3,106),LLMT(18),80(15), /miscy
1 BOP(1542),TM, TLOW,TMID,THIGH,PP,CPSUM OF ,FQRAT, /M1SC/
2 HSURQ s HPPT2) yRHHI2) ,VMIN(2) ,VALS(2) ,wP(2), /M1SC/
3 NAME(1595) s ANUMI15,5) yPECWTI18) ENTHT1S),FAZ(15), /MySC/
q RYEMP(158) ,FOX(18) ,PENSI15),TLN /MIScy
COMMON /INDK/ CONVGy TP HP,SP,MOLES NP NPT L NSyKMAT ) [MAT, 1@} sNC, /1INDX/
1 JSOL,JLIQ,1C,1Q2 71NDX/
COMMON /VISCX0/ VISCE(13),PR(13) /viscxoy
COMMON/INODE /TIN(L3)OFINCII) ,HIN(TID)
COMMON/OUTODE/HOBUF (30,1 3)
COMMON/OUTRHO/DEN(13)
C

LOGICAL TP,HP,SP
DIMENSION INDEX(13),FMWT(4)
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[a N ala) [a N aNal 4

s alaNaXKalal

noonn

1000

[ XaXaYaXaKalaNalal

Goo

[aNa¥a¥al

aon

SPECIES MOLECULAR WEIGHTS STORED IN FMWY [N SAME ORDER AS THERMO
DATAy NAMELY (1) W (2) M2 {3y H20 t4) 0 (S) oH (&) 02

DATA (FMWT(]),1=1,6)/1000892¢016+18¢016,16¢000+17+008+32+000/
DATA BU,SG/777¢680069320174/

aRANCH TO APPROPRIATE LOGIC,

GO TO (1000,2000,3000,4000},1CALL
soeee ICALL = | eo0ee

INITIALIZE ODE STORAGE AND CALCULATE CONVERSION CONSTANTS FOR
TFCBL = ODE INTERFACE.

CaLlL OOE
NSPeNS

A CONSTANT =aaaOT CONVERTS A TFCBL QUANTITY TO AN ODE QUANTITY AND
INCLUDES NORMALIZATION FACTORS WHERE APPLICABLE, A CONSTANT eeeeT0
CONVERTS AN ODE QUANTITY TO A TFCOL QUANTITY,

SMUTO® ],/ (SG*SMUREF)
HOTSUREFOUREF/(1.a0BJeSG)
RHOOT=SGORHOREF

RETURN

08000 JCALL = 2 eeooe

nO AN ISENTROPIC EYPANSION, GIVEN PRESSURE AND INITIaL TEMPERATURE
AT THE EDGE OF THE pOUNDLRY LAYER, aNp calcULATE AN EDGE VELOCITY
TABLE s

PERFORM INITIAL T=P CALCULATION TO ESTagLISKH ENTROPY,

Pl(l) 8 4,72539576=49PEDGED
T = TEDGE/1.80
OFs= (] +~AFEDGE) /AFEDGE

HSE INITIAL GUESSES FOR EN(I,1) AND ENLN(1) ALREADY CALCULATED
8y oDE.

NPTs |
TPaeTRUE,
HPeFALSE,
SPsFALSE.
CALL TPCALC

SAVE ENTROPY AND CALCULATE VELOCITY.
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So=sSsSuM(l)
SHEDGE = 1498716509 HSUM] L)/HOT
HEDGE=sSYEDGE+UEDGFeUEDGE/ 2,

CALCULATE RHOEB AND SMUER FOR [NITIAL ZETAP CALCULAYION,

[a N aXal

RHOEBSDEN(1)/S6
SMUEBsVISCE(1)/SG

PROCEED THRU PRESSURE TABLE WITH S=P CALCULAYIONS,

[a¥aXa)

INDs=)
SPs.TRUE,
HPs ,FALSE,
TP FALSE,
TIN(E) = TYEDGE/1.80
2020 00 2100 IBUF = 1,13 k

PUIBUF) 3 4,72539874E«4oPETABR(IND)
INDEX(IRUF)sIND
INDSINDe
IF({IND=LPETAB)2100,2100,2110

2100 CONTINUE

2110 NPsIBUF
NPT = |
CALL SPCALC

OBTAIN ANSWERS FROM ODE OUTPUY BUFFERS,

[alaNal

DO 2200 I1BUFs=j NP
SHE ® 1,9871650¢4SUMIBUF)/HOT
IXsINDEX(1BUF)

2200 UETAB(IX) s SQRT(2,0°ABSIHEDGE = SHE))
IF (IND +GTe LPETAB) RETURN

C STORE GUESSES FOR NEXT CALL TO SPCALC.

TIN(E) & TYT(1Y)
Do 2230 1=1,NS

2239 EN(141) = EN(I,13)
GO Y0 2020

eeases JCALL 8 3 eceooe

PERFORM A TeP CALCULATION AT THE WALL TO DETERMINE HwallL BOUNDARY
CONDITION.

AN aRaNaNaNa)

000 P(1) = 4,72539576F=4¢PENGES
T = TWALL/1.80
IF((ISTATNGGT.0)+s0Re(ITER,GT,Q))GO TO 3020
OFs(le=AFWALL)/AFWALL
00 3010 =] ,NS
EN(1s1) ® 0,10/NS
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3010

ENLN(LI) = ALOG(EN{I,1))
GO YO 3040

3020 OF & ALPHA(I1JIN2)/ALPHATL 3 UN, 1)

3030
3040

F N aYaNaNalaNalNa)

" 4020

4040
4050

4040

408p

4200
4210

D0 3030 1s]1,NS
EN(TIo10mSCIUL,JUNyI)/FMWNTLT)
IFP(ENCT 1) oelToloeEbIENIT 1 )m]lsE=b

ENLNUT) = ALOGUEN(T,1))

NPT = |

TPseTRUE.

HP= o FALSE .

Sps,FALSE,

CALL TPCALC

SHWALL = 1¢987 14508 HSUMIT)/HOT
HWALLSSHWALL

RETURN

oseed [CALL = 4 oecon

PERFORM A SERIES OF HaP CALCULATINNS ACROSS YHE mOUNDARY LAYER TO
ORTAIN THE THERMODYNAMIC AND LAMINAR TRANSPORT PROPERTIES AT EACH
MESH POINT,

HP = ¢TRUE.

TPaFALSE,

SPu,FALSE,

IND=]

Do 4200 18UF = [1,41)

PLIBUF) = 4,72539576E=4ePEDGESB

TIN(IBUF) = TEM(IND,JIN)/1,80

OF INCIRUF)ISALPHAL IND UNy2)/ALPHALIND YN,
IFC(ISTATNGER,IRSRD)IsAND(ITER,ER,O)1G0 TO 4040
IFCISTATNSITER) 4040,4040,4060

DO 4050 1s3|,NS

EN(1,1BUF) = 0,10/NS

TIN(IBUF)=3800.

GO YO 4080

DO 4070 1=1,NS
EN(TIsIBUFISSCTUINDZJUNZII/FMWT L)

IF(ENTT L IBUF) oL To1¢E=b)EN(],IBUFIS| Eay

HIN(IBUF) = SH{INpsJUNI®HOT
INDEX( 1BUF)IsIND

IF (IND .GE., NY) GO TO 4210
IND = MINO(IND*IYEQNY)
NPS[RUF

NPT =

CALL HPCALC
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CONVERTY, NORMALIZE, AND STORE ANSWERS FROM ODE BuUFFERS INTO TFCBL
ARRAYS .

[aNalaXal

DO 4300 !BUF=| NP

IxsINDEX({IBUF)

RHO(IX4JUN) s DEN(IBUF)/RHQOY

SMUCIXyUNIasVISCE([BUF)eSMYTO

PRNO(IXJNI)®PR(IBUF)

IF(PRI(GTeQe)PRNO(IX,UN)ISPR]

BLE(IXyJUN)=m],

TEMUIX,UN) & 1480¢TTT(IBUF)

AV(IX)=SONVEL(IBUF)

DO 4300 I = 1 ,NS

SCICIX UNSII=ENI] [ IBUF)OFNNT ()
4300 SHIUIXeUN,1) = HOBUF (], 1RUF)/HOT

IF (1X oLTs NY) GO0 TO0 4020

INTERPOLATE FOR NECESSARY PROPERTIES AT MESH POINTS NOT SOLVED
USING ODE,

aNa¥alal

CALL PHOENX (RHO(C]3UN) Y3 IYEQ,NY)
CALL PHOENX (SMUCLL o UN) ¥, IYEQ,NY)
CALL PHOENX (PRNO(§,JN) Y,IYEQ,NY)
CALL PHOENX (TEM(),JUN),Y,1YEQ,NY)

INTERPOLATE FOR SC| AND SHI ONLY IF ALEW[S OR TLEWIS NOT UNITY,

eNNN

THE TEST FOR EQUALITY BETWEEN NON=INTEGERS MgY NOT BE MEANINGFUL.
IFCIALEWISIEQol e s ANDC(TLEWIS,EQele) )RETURN
00 4910 1si,NS
CALL PHOENX (SCl(goJN,1),Y,IYEQ,NY)

9910 CALL PHOENX (SHICIsJUNIY,Y,1YEQ,NY)

RETURN

END
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SUBROUTINE HPCALC

CHPCALC PERFORM A SER|ES OF ENTHALPY=PRESSURE CALCULATIONS,

C
_COMMON /POINTS/ HSUM(13)4SSUMI13),CPR(13),DLVTP(13),0LVPT(13),
h GAMMAS(13),P(13), T PPP(13),WM(13),SqeNVEL(13),
2 TYT(1Y)

COMMON/SPECES/COEF (2,7,30),S{30),EN(30,13),ENLN(30Q),HO(30),

7 DELN(30)sAl15¢30),SUB(30,3),10SE(30),YENP(50,2)

COMMON /M1SC/ ENN,SUHN,TT,SO,ATOH(;,|osg,LLHT(15).50('5).
BOP(15,2) s TMsTLOWITMIDsTHIGH PP CPSUM}OF JEQARAT
HSURO suPPT2) yRHO(2) s VMINI2) ,vpLSt2),0pL2),
NAME(18,5) yANUMI18,5) ,PECWNTR S} ,ENTHE15) ,FAZ{15),
RTEMP(1S) ,FOXLIS),NENS(15), LN

COMMON /INDX/ CONVGeTPsHP SP,MOLESINP NPT L NSy KMAT IMAT,1Q1sNC,

1 JSOL ,JLIQ,;1C,1Q2

COMMON/INODE /TIN(13),0FIN(13),HIN(L3)

COMMON/OUTODE/HOBUF (30,1))

E W N -

DO 40 IP = J,NP

GET ASSIGNED PRESSURE ,ENTHALPY, O«F RATIO, AND TEMPERATURE GUESS,

[aNaXal

PPspP(1IP)
TTsTINUIP)
OF=OF IN(IP)
DO 150 U!s|,NS
15@ ENLN(I) = ALOG(EN(]I,IP))
WP(1)sOF
we(2)s),
SUMaWP () +WP(2)
DO 200 1®1,t
200 BQll) = (WP(1)eBQP(1,1) ¢ WP(2)eROP(],2))/SUM
HSUBD = HIN(IP)/1,9871650
CALL EQLBRM
T =717
00 300 1=]4NS
300 HOBUF (I NPT) & 1,9871450eK0(1)eTY
¢ THE TESY FOR EQUALITY RETYWEEN NON=INTEGERS MAY NOT BE MEANINGFUL.
IF (TTeNELO.) GO YO 20
IF (NPT (EQs G) RETURN
20 K=0
¢ THE TEST FOR EQUALITy BETWEEN NONINTEGERS MaY NOT BE MEANINGFUL.
IF (IPLEQeNP,OReTT+EQ«O¢) GO YO 30
KaNPY
IF (NPTNE.13) GO TO 40O
30 CALL ANSWER
IF (K +EQe¢ O) RETURN
NPT=0
0 NPTsNPT+ | '

ablL COMPOSITION GUESSES HAVE BEEN COMPUTED EXTERNALLY,

AN

RETURN
END
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SUBROUTINE 1GODE (T,SHeP,1TPHP,RHO,S5My,PR)

ClGoor ROUYINE TO CALCULATE THERMOOYNAMIC AND LAMINAR TRANSPORTY

C
c

C

[aNalal

[aalal

PROPERTIES FOR AN IQEAL GAS.
COMMON/PFGAS /GAMMA FMOLWT, PR

8R = 49721.00110/FMOLWT
BCPRGAMMAGBR/ (GAMMA=])
IF (1TPHP LE., O) GO Y0 29

v 1S GIVENe CALCULATE SHo

SH = BCPeT
GO 10 30

SH IS GIVENs CALCULATE T,

20 T=SH/BCP

30 RHOsP/(BReT)
SMUB2¢27E=8eSQRTI(T)/(1e+19844/T)
PRePR1
RETURN
END

C

SUBROUTINE ITERAT
CHANGES TO SUBROUTINE [TERAT

CITER,T PREPARE FOR aAn ITERATION TO SOLVE THE DIFFERENCE EQUATIONS,

C
C

C

OATAIN AVERAGE PROPERTIES AND RECALCULATE IYERATED AUXILIARY
QUANTITIES WHICH GO INTO THE DIFFERENCE EQUATIONS.

COMMON/DEPEND/U(280,3) 9 H(25093) ) ALPHA(250,3,2) RHOVI258),SH(250,3)
COMMON/PROP /RHO(250+3)+SMUC250,37,PR(250,3),BLE(280,3),

} SNI(ZSO.Z.‘).SCI(2500206"T(2$0.3).AV!250)
COMMON/TPROP /EPS(250,3)+PRT(250,3),B8LET(250,3)
_COMMON /YTABLE/ YY!L(250,.SGP(250).BGPP(ZSO).lYflLP,lYT!LF. /YTABLE/

1 CYTIL(G) /YTABLE/
COMMON/EFVEC /E(25Q0),F(25%0)
COMMON/GIGHAS/Slﬁg(3).5162(3).SIGJ(J'.SlGl(J)oS!GS(S)'S!GSS(J)

_COMMON /7CALC/ ZETAO,ZEYA,ZETAN,7ETAP ,ZSTARC3),DS2(2),YZETA, 72CaALC/
1 YTZETA,YEDGE 72CaLC/
COMMON/NORMAL /BLREF JUREF yRHOREF ,SMUREF ,REYINF

COMMON/COUNT /NY NY#gNY2yNY3,J0, IN9JANEL ,NEL1 yNSP,NMAX NY]

COMMON /OMOR1/ CUU'ZSO.S’»CUV‘ZSO.J’oCVV(!SO'J,;C'*(ZSO,J).GAHA.ZK /0MQOR ]/

¢

DO 100 l=),NY
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AN

aNaNala)

20

100

Soo

COMPUTE AVERAGE OF BACK VALUE AND LATEST ITERATED VALUE,

UlTsJAIS0eSetU(T,J0)¢UlTUN)?
Hll,JA)=0eS0 (T, O)eHlTUN))

CUUCT  JA) ® Q50 (CUULT,JO) & CUUCL],IN))
CUVIT,JA) = 0450°(CUVITIJ0) & CUVILI,JIN)YY
CUVILI4JA) = 0sSOO(CVVILIZJO) & CVVIEIN))
CWW(T,JA) = 0,50°(CWW(I,JO) & CwW(],JN))
DO 20 1ELs|,NEL

ALPHACGT G JALIEL) ® DeSOC{ALPHACTIZJOLTEL) & ALPHACT  UN,I1EL))
SHITsJAIBOeSS(SHIT 3 JOI*SHIT4UN))
RHO(1,JAY=Q.Se(RHQ(],JO)@RHO(T,JN))
SMU(T ,JA)IRQ.50(SMU(T1,J0)eSHU(T IN))
PRITsJAIROSO(PRIT,JOISPRIT yUN))
BLE(1,JAY=QeSe(BLETI,JOVeBLELT,UN))
T(l,JAYR08e(T(1,J01eT{1,JN))
EPS{1,JAY80,5¢(EPS(1,JO)CEPS(],JUN))
PRY(14JAIRQ.Se(PRT(1,J0)®PRT(],UN))
BLET(!,JA)egeS®(BLET(1,4JO)+BLET(1,UN))

CALCULATE AND SAVE E AND F AT EACH ZONE FOR THIS ITERAT]ION,

E(1)=RHOCT ,JA) RGP () OZETAPOYTILI(T)/ZETA
FUI) & BGPU1)/(ZETACO2¢REY|NF)

CALCULATE SIGMAS AT WALL AMD FIRST INTERIOR POINY TO [NITIALIZE
PUSH=DOWN STORAGE FEATURE,

DO S00 X=1,2

TMISEPS (K, JA)

TM28SMULIK 3 JA) /PRIK 4 JA)

TM3IBTMI/PRTIK ,JA)

SIGILIK)SSMUIK ,JAY e TMI

S1G2(K)=uTM2+4TM]

SIGI(K)aSMU(K ,JA)=aTM24TMI=TM]
SIGUIK)IaTM2¢(BLFIK ) JAY =10 ) ¢TMIG(RLETIK YA} =] o)
S1GS(K) = TH2eBLE(K JA) ¢ TMIeBLET(KJA)
RETURN

END
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SUBROUTINE LCURV (X, XTAB,YTAB,NP,1X,Y)

CLCURY LINEAR INTERPALATION ROUTINE WHICH HANOLES pISCONTINUITIES.
C (MODIFIED VERSION OF SUBROUTINE CURV,}
C

DIMENSION XTAB(NP),YTAB(NP)

C NEFINE LINEAR INTFRPOLATION FUNCTION Q
QIXKMyYKM XK YKIBYKMS (XoXKM)IO{YKaYKM) /(XKaXKM)
IF (NP oGT, 1) Go 10 110

C ONE ENTRY IN TaABLE
Y s YTAR(])
RETURN
C EXTRAPOLCATION
C LARGE X ENDO OF TARLE

tio IF (X oLTs XTABI(NP=}])) GO Y0 2
Y 8 QUXTABI(NP=1) ,yTABI(NP=|) ,XTABINP) YTABINP))
[ X=sNP
RETURN

C SMALL X END OF TagLE

2 IF (X oGEe XTaAB(2}) GO YO 49
Y & QUXTAB(1),YTAR(1) XTAB(2),YTAB(2))
Ixs}
RETURN

C INTERPOLATION

49 1F (11X oLEe NP} GO0 T0 4
IX = NP
GO YO0 &

4 IF (IX oGTe 0) GO YO &
Ix = |

é IF(X=XTAB(IX)) 994047

THE TESY FOR EQUALITY BETWEEN NON«INTEGERS MaY NOT BE MEANINGFUL.

60 IF (XTAB(IX) oNEe XTAB(IXs})) GH TO 62
Y s YTAR(IX*})
RETURN

62 YeYTAB(IX)
RETURN
? IXxsiXel
IF(X=XTAB(IX)) 10,60,7
8 IXsiXey
GO Y0 10
9 [XslX=}
IF(XTABIUIX)=X) 8,40,9
C INTERPOLATED VY
10 YoQIXTAB(IX=1),YTAB{IX=]) XTAB(IX),YTAB(IX)S
RETURN
END
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SUBROUTINE MATRIX

DOUBLE PRECISION G,X
LOGICAL CONVG ,HP,SP,TP

_COMMON JPOINTS/ HSUME 131 3SSUMI13),CPRI13),DLVTPLIY DLVPT(13),
GAMMAS (13D ,P{13)4T,PPP(13),WMIIB),SONVEL(13))

2 Trte1d)
_COMMON/SPECES/COEF 12,7,30),5(30),EN(30,13),ENLN(IB),HI(30),
1 DELN(3O)0A‘lSo30).SUB(3O|3) TUSE(30),TEMP(50,2)

COMMON /M1SC/ ENN, SUNN.YY.SO.ATonta.lOS).LLnrtls).ao(15).
aoP(ls.z).TM.YLOW.YHID.YHIGR.PP.CPSUH‘OF.EQRAT.
HSURQ HPP(2) yRHNO(2),VMIN(2) ,VPLS(2),0P(2),
NAME (15,5 ) ANUM{15,5) yPECWT{1S) ENTHI§5),FAZ(15),
RTEMP(1S) ,FOX(15),NENS(]15),TLN

COMMON /DOUBLE/ G(20,21),4X(20)

COMMON /INDX/ CONVG TP HP SP ,MOLES NP NPT L yNSyxMAT | IMAT,{QsNC,

1 JSOL,,JLIQ,I1C,1Q2

£ b N -

192=1Q1+1

103=1Q2¢+|

KMAT=1Q)

IF (eNOT.CONVGeAND.TP) KMATE1Q2
IMATSKMAT=|

CLEAR MATRIX STORAGES TO ZERO

DO 20 Isl,IMAT
DO 20 Ksi ,KMATY
G(l1,K) = Qge.000
$8Ss=0.,
HSUMINPT)=Q,

BEGIN SET UP 0F ITERATIAGN MATRIX

KK={

00 110 J=14NS

HaHO(J)YSEN{JZNPT)

IF (TUSE(J)) 110,304+90
FR{NOlJ)=SIJIGENLN(J)ISTM)SENTJyNPT)
SSau~F

TERMIsH

IF (KMAT,EQe1Q2) TERM|sF

00 SO 1s1,L

CALCULATE THE ELEMENTS R(I,K)
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THE TEST FOR EQUALITY BETWEEN NON-INTEGERS MAY NOT BE MEANINGFUL,

40

S0

40

haaXaKal

[alXalal

120

IF tA(1,4J)¢EQ4Q0) GO TO S0
TERMEA( 1 JISENIJWNPT)

D0 40 K=t,L

GUI,K) = G(I,K) ¢ A{K,J)OTERM
GUL,1Q1)aG{I,IQ1)+TERM
Gl1,102)8G(191Q2)+A(T,J)*TERM]
IF (CONVGL,OR,TP) GO Y0 80
GlILI103)8G(T,1Q3)eA(],J)eF

IF (SP) GUIQ2,1)=G(1Q2,10¢A(],J) eSS
CONTINUE

IF (KMAT.EQ.1Q2) GO YO 80

IF (CONVGeOReHP) GO YO 40
G(IQ2,1Q1)sG(1Q2,1Q1) eSS
G(IQ2,102)=G(1Q2,1Q2)+HO( ) eSS

GU]Q2,103)8G(1Q2,1QAV¢(SUY)=ENLNIJ)=TM)oF

60 70 70

Gl1Q2,102)=G(1Q2,1Q2)+HOtU)eH
IF (CONVG) GO TO 8
G(l@z.!ﬂs)-&(le.lO;)oHo(J)-F
GeI1Q1,1Q03)6(101,1Q3)4F
GlIQ1+1Q2)%Gl1QlegQ2)eTERM]
Go 1o 110

CONDENSED SPECIES

KKsKK+}

0o 100 1st,L

Gl KK)mA(],J)

Gl ,KMAT) 3 G(] ,KMAT) = Al 4J)SEN(J,NPT)
GIKK,1Q2)=HO( )
G(KK.KHAT)-HO(JD'S(J)
HSUMINPT)sHSUM(NPT) o

IF (eNOT,SP) GO To 110
SSSaSSSeS(J)eENIJ,NPT)
GlIQ2,KK)=S(Y)

CONTINUE

SSSaSSS+G(1Q2,101)
HSUMINPT)sHSUMINPT]I*G(1Q!,1Q2)
GIIQI,1Q8)sSUMNENN

REFLECT SYMMETRIC PORTIONS OF THE MATRIX

ISsYym=1Qy

IF (HP.OR,CONVG) [SYM=]Q2
0O 120 t=1,ISYM

00 120 Jst,1SYM

GlJsl) 8 Gl1,4)
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aNala)

130

aXaXal

140

COMPLETE THE RIGHT HAND SIDE

IF (CONVG) GO TO 140

0o 130 1=1,L

X(1)=BQ(l)=G(1,10))

G{IKMAT) = G(I XMAT) ¢ X{})}
GUIQ) yKMAT)SG(1Q) (KMAT) LENN=SUMN

COMPLETE ENERGY ROW AND TEMPERATURE COLUMN

IF (KMAT oEQe 1Q2) RETURN

IF (SP) ENERGYSSO+ENN=SUMN=SSS

IF (HP) ENERGY=HSUBQ/TT=HSUMINPT)
GI(1Q2,1Q3)=G(1Q2,1QI)*ENERGY
GlIQ2,102)2G({1Q2,1Q2)+CPSUM
RETURN

END
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SUBROUTINE MGAUSD

C
C SOLVE ANY LINEAR SET OF UP TO 20 EQUATIONS
C
DOUBLE PRECISION GoXyCOEFX(20),SUM,2
C
COMMON /DOUBLE/ G(20+2131 X (20}
COMMON /INDX/ CONVGsTPoHP 4SP MOLES NP NPT Lo NSyKMAT 4 IMAT1Q1NC,
1 JSOL,JL1Q,1C 102
C
C BEGIN ELIMINATION OF NNTH VARIABLE
C

{USElL = IMAT + |
DO 160 NN ® 1 ,[MAY
IF (NN (NE., IMAT) GO T0 30
*® THg TEST FOR EQUALITY BETWEEN NON=INTEGERS MAY NOT BE MEANINGFUL.
IF (GINNJNN} oNEe« Qe0DO) GO TO 120
219 IMAT ® [MAT = |
RETURN

C SEARCH FOR MAXIMUM COEFFICIENTY IN EACH ROW

30 DO 60 I = NNytMaY
COEFX(1) = (.0E*3n
THE TESY FOR EQUALITY BETWEEN NONLINTEGERS MAY NOT BE MEANINGFUL,

IF (G(1sNN)eEQeQe) GO TQ 40
CoEFxt)sQ.
00 S0 J=NN,lUSE}
SuM=G(1,J)
IF (SUMeLTe0s) SUmm=SUM
IF (JeNEJNN) GO To 40
I=SuUM
Go T0 Sg

40 IF (SUMGT.COEFX(1)) COEFxX(])aSUM

50 CONTINUE
COEFX(1)=COEFX(T1)/2Z

60 CONTINUE
TEMP = 3 ,0E+38
1=Q
0O B0 U = NN, IMAT
IF (COEFX(J) ,GE. TEMP) GO Y0 8aQ
TEMP s COEFXIUy)
lsy

8g CONTINUE
IF (! «€Q¢ 0) GO TO 210

INDEX 1 LOCATES FQUATIOM TO BF USED FOR ELIMINATING THE NTH
VARIABLE FROM THE REMAINING ERUATIONS
INTERCHANGE EQUATIONS | AND NN

aXaNaXaXKal
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a2 XA aNal

20

THF TEST FOR EQUALITY BETWEEN NON=INTEGERS MaY NOT BE MEANINGFUL,
IF (GINN,NN)+EQeO,) GO TO 210

R]

150
160

170

190
200

IF (NN +EQs 1) GO TO 120
Do 110 U = NN,IUSEIL
I1uG(1,J)

Gl yJY=GINN,J)
GINN,J) = 7

DIVIDE NTH ROW BY NTH DIAGONAL ELEMENT ANp ELIMINATE THE NTH
VARIABLE FROM THE REMAINING EQUATIONS

KsNNe |
Do 130 J=K,1USEL

GINNsJ) = GINNyJ)/GINNNM)
IF (K +FQe. IUSEL) GO YO 160
DO 150 | = K,IMAT

00 150 J=K,lUSEL

Gl1:J) ® GU1ysJ) = GUIWNNISGINN,J!?

CONTINUE
BACKSOLVE FOR THE VARIABLES

K s« [MAT

JugKe |

X{K)=0.000

SUM=0.0

IF C(IMAY +LTe J) GO TO 200G
DO 190 1 = J, IMAY

SUM ®» SUM «+ G(K,T)éXx(I)
X(K)SGIK,IUSFE])=SuM
KsK=1

IF (X NE. g) GO YO 170
RETURN

END
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SUBROUTINE MOMNTM

CMOMNTM SOLVE SYSTEM OF MOMENTUM EQUATIONS FOR YELOCITY U(Meg N},
<

COHMON/DEFEND/U(ZSO.J).HlZSD.))9AL’HA(250;J.2)oRNOV(ZSQ).SH(ZSO.J)
COMMON/ INDEP /S+D8 X4 DX,4Y(250),DY
~COHHON/PHOP /RHO(ZSO.J).SMU(ZSO.}).PR(ZSO.S’oBLE‘ISOoJ)p

' S”l(ZSOoZ-‘,oSCl(ZSOizob)57(250.3)9"(250)
COMMON/TPROP IEPS(ZSO.J"PRT(ZSO|3’uaLET(ZSOOS)

_COMMON /YTABLE/ YT]L(ZSD’,BGP(ZSD)SBGPP(ZSODolYTlLP‘xYTlLF.

/YTABLE,
' CYTIL(S) /YTABLE/
COMMON/MATRX /A(250,3),8(250)
COMMON/EFVEC /EL250),F(250)
cosuON/QIGHAS/Slel(3).5!62(3).5!63(3).8160(3)05165(3)uSlGSS(3)
_COMMON /EDGERC/ rtoGE.SHEDGE.HEDGE.UEDGE.PEoGEa;AF!er.nUEOSOo /EDGEBC/
DUEDSDUEDSN,NDPENSRK /EDGEBC/

!
COMMON/CONST /SINIY.'IN!Y.XNA!.DELTAI.SNI;SN?.SNS

' EPSLN3,CONVRG,02DY,040Y,0DYSQ
COMMON/COUNT /NV-NYIoNVzoNYJ.JO.JN-JA.NEL;NELIjNSP.NHAx.NYl
conno~/1otaua/tosnucta).xnoonp.xeuonp

1EPSLNYLEPSLNZ,

EVALUATE COEPFICIENTS OF SYSTEM OF MOMENTUM EQUAYIONS (FROM FIRSTY
INTERIOR POINT TO SECOND LASY POINT IN BOUNDARY LAYER),

laNaNa¥al

INCRMT=Q
TM4aRHO(NY s JA)SUINY s JAY®LUEDGE=U(INY ,J0)) /NS
=2

(a)

C CALCULATE TEMPORARY QUANTITIES,

100 BE = E(])
BFsFi(1)
SIGI(3) = SMU(Tel ,JAISEPS(]e1,JA)
SIGIYS(SIGI(3)=St1Gl(1))e02DY
UYMNS(U(L*l,J0)=U(iml,JdO))en20Y
UYYMNS(U(T¢],J0)e2,0U(],J0)eU(le1,J0))e0DYSQ
TERM=BFeRGP(1)2S1G1(2)200YSQ
TMI=sBGPP(1)eSIGI(2)/BGP () *BGP(1)eSIGYLY
TM28RHOVI])48GP (1)
TMIaRHO(T ,JAYOU(T ,JA)/DS

COEFFs OF U(Me],N=1)

[aNaNal

Atl=1411204DYe({REeU(],J0)=TM24BFeTH]|)ap,5eTERM

COEFFs OF U(Me]|,N)

[aNalal

All=],218TM3I«Qe5eRESUYMNITERM

COEFFe OF U(Me N+|)

(aNalal

A{l=1y3)s=A{l=],))=TERM

Nnn

RIGHT=HAND SIDE

BlI=l)=TMI®U(]4J0)=0eS¢TM2OUYMNGTMas0,5egre(TH I sUYHNS
1 BGP(1)eSIGI(2)8UYYMN)
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[alN g}

[aXalNaXalal

[aNaNal [aXaNal

[alaY¥al

oan NN

pUSH«DOWN STORAGE

Stgl(ti=g1g1(2)
S1G1{2)1851G1(3)

1=1+1

IF t1 ¢LEe NYI) O TO 100

MODIFY FIRST AND LAST MOMENTUM EQUATIONS BY BOUNDARY CONDITIONS
AT waAlbL =0
AT EDGE U = yE

All,l)=Q,
BINY2)=RINY2)=A(NY2,3)sVUEDGE
AI(NY2,3)13Q0,

SOLVE MOMENTUM EQUATIONS FOR UIM®1,N)y N8243 0000 ,NY=}
CALL TRIM (A UC24UN) B yINY2,NMAX)
APPLY BOUNDARY CONDITIONS FOR U(Mel,1) AND UfMel;NY)

U(lpJN’-OQ
UINY UN)YSUEDGE

PRINT DEBUG FOR THIS ITERATION, IF REQUESTED.

IF(KMODMP+GT«Q)CALL DUMPITY
TEST ® ( UINY1 JNY =UINY, NI ZUINY,,JN)
IF(ABSITEST)oLEEPSLNIIRETURN

SOLUTION DOES NOT ASYMPTOTICALLY APPROACH EDGE CONDIT[ONS.
INCREASE THICKNESS OF ROUNDARY LAYER BY ADDING ONE POINT,

INCRMT® [NCRMT+ |

IFCINCRMT4GTe5)CALL DEBUG (SHMOMNTM)
IFINY,EQ.NMAX)CALL DEBUG (SLHMOMNTM)
CALL ADOPTY (1)

lsNY|=)

GO 70 100

END
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SUBROUTINE NLOUT

CNLOUY WRITE TFCBL INPUT DATa,

C

COKMON/XTABLE/RwTAQ(SOO)’XTABRW(SDO)oLRWTABoIR*XP.CRWX(b).
PETAB(SOO,oXTADPE(SOD’oLPEYABplPEX?.CPEX(b).
UETAB (5001, LUETAB,JUEXP,CUEX (&),

XTOUNX (500 +LOUDXT, IDUDXP
COHMON/LTABLE/Y'TAB(IOO).XTAETW(IOO)oLT'YAB.lT*!P.

W N -

SMDTAB(100),XTARMD(100) ,LMDTAB, IMDXP
~COMMON/STYEPSZ/DXLIM(SO) 4 XLIM(S0),LDXLIM, IDX,

t SKTAB(S0) 4 XTABSK(50) s LSKTAB, 18K,

2 DXt

_COMMON /EDGEBC/ TEDGE,SHEDGE ,HEDGE ,UEDGE ,PEDGES ,AFEDGE ,pUEDSO, /EDGEBC/
1 DUEDS DUEDSN,OPENSHN /EDGEBC/

COMMON/NORMAL/BLREF yUREF yRHOREF ,SMUREF ,REYINF

COMMON/MULT /XNJUENPEN,SMDN, YN

COMMON/CONST /SlN|T.X!NlTvX“lXoOELTAI.SNI.SNZ.Snl.EPsLNIoEPSLNz,
; EPSLN3,CONVRG,02DY,04DY,0NYSQ

COMMON /TITLE/ TYITLE(LY) /TITLEY
COMMON/COUNT INY oMY L oNY2ZyNY3 500 INs JAZNELFNEL]L 9o NSP NMAX,NY]
COMMONIOPTION/IDEAL.LAMNR.INCOHP ’

COMMON/STATN /ISTATNGMAXTIT,,1TER
COMMON/PRNTCT/NSPRNT ¢NLPRNT, 1SPRNT , ILPRNT ,LNSPPG,LINESR

COMMON ZINPROF/ UPROF(S0O),YBYNU(BO) ,LUPROF ,CUYX(6) HPROF (50, /INPROF/
1 YARYNH(SO) ,LHPROF yCHYX (A} /INPROF/
COMMON/PFGAS /GAMMA FMOLWY ,PR]

COMMON/NEW3 /AFTRNS,PLAW

COMMON/NEWS /1YPp

COMMON/NEW? /GPO,PAMB, INTDK,2ETAP]

COMMON/NEWS /RSTAR,RSTPR,XSTAR,DLSTN,DLSTTH

COMMON/NEWY /1YEQ

COMMON/NEWIQ /APROF(S0),YBYNA(SO),LAPROF ,1AYP ,CaAYX(4),AFWALL

COMMON/NEWLL 702D ,UEXK,RHNEK

COMMON /INPUT/ B4 30) s 1POLY,ITHFERM MY (4,301 ,NPRODNSPEC /INPUT/
1 PHAZ(30),71(30),T2130) /INPUT/
COMMON /AL/ INSTAT,EPSLIN /ALY
_COMMON /cCOOL/ ALTAB(I00)sCAX(4)2CCXIE),COFEFCLICPL,CPLTAB(20) /7C00L/

! CPSUHE-CRX(G)'CTHX(bloCTL116)oCZX¢6).OELXQA,DIATUB. /7¢Cc0oL/

2 DX 1 HGIHL s TAX y 1COOL W ICX  IRX , ITHX g TLR,ITZTAB, 12X, /7C00oL/

3 MASSL ,PRANDL , QW[ ,RAMDL yRAMOW,RAMTAB(20),REYL ,SQAWDS],/CO0L/
4 SQW 1 ,SUMQW T y TAW, TEMPRLITHICK,THITAB(100),TLO,TLI, /CooL/
s TL2,TLCA,TLTAB(100) ,TUREN,TWG2+TWGCA,TWL,*ZTAB(20), /COOL/

6 IMYTAB(20) ,ZMYUL,1TPOS,TWL2,TAWM S TANRE /¢00L/
REAL MaSSL /cooL/

COMMON /0MOR1/ CUU(25093),CUVI25043)5CVV(250+3) ,CWNR250,3),GAMA,2ZK /OMOR]/
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(aNalal

[aXal

é

o

DATA UNAME,PNAME/SHUETAB ,6HPETAR /
WRITE SINGLY DIMENSIONED VARIABLES,

WRITE (6,9000) TITLE

WRITE (6,9010) IDEALLAMNR, INCOMP,J20 INTDK,ICONL,ITHERM,IPOLY
WRITE (6,9020) SINIT,XINIT XMAX,DX],0ELTAI,2ZETAPI

WRITE (4,9030) BLREF,UREF,RHOREF 4SMUREF

WRITE (4,9040) XN,YNJUENJPEN,SMDN

WRITE (4,9050) UEDGE ,PEDGEB,TEDGE ,AFEDGE

WRITE (4,9060) AFTRNS PRI ,GAMMA ,FMOLWT ,PLAW,PAMAIGPO,SN3,
1 XSTARJAFWALL yUEK s RHEEK

WRITE (4,9070) CONVRG,EPSLN| EPSLN2,EPSLNY,EPSLIN

WRITE (46,9080 MAXIToNYL  NLPRNT yNSPRNT, INSTAT,IYPR,IYEQ

WRITE (&,6) GAMA,ZK

FORMAT ()X, 18HCORRELATION [NPUTS//SX+4HGAKA =,F10es6;5X,4HZK ®©,
1 F10e46/7)

IF (1co0L +EQ, Q) GO TO 40

WRITE (4,1) COEFCLMASSL RAMDW,TUBEN

FORMAT (28H REGENERATIVE COOLING INPUTS//4X,8HCOEFCL =,F128910X,

1 THMASSL w1F12¢6310Xs7HRAMOW o4 F13¢10,10X,7HTUBEN 4F10e3/)
WRITE (642) 1TZTAR s {1 oTZTaABII)sCPLTABIT) smAMTABIL) oZMYTAB(])

1 1 ® 1.(T27AB)
_FORMAT (Hy///26% COOLANT PROPERTIES TABLES,/45X,gHITZTaAB s,13//
1 ISX o lHI 19X oSHTZT Ao LIXsbHCPLTABI 1IN ANRAAT AR IIX,64ZMYTAR/

2 ClAX e 12)SXs0PFIN 4 sSXoF13610:5SXsIPEINB,SXyE14,8))

WRITE (6,3) {TWTAR ‘

FORMAT (1H],204 COOLANT WALL TABLES//44X,AHLTWTAB @,14//715X,1HI,
T LIXoSHALTABs 12X AHTHITAB, 12X ,SHTLTAR/)

LINESR = LNSPPG = 8

DO 30 I = |,LTWTAR

WRITE (6,4) 1,ALTAB(1),THITAB(I),TLTAR(T)

FORMAT (13X313¢5X,1PE13e7,5X,E13e7,5X,0PF11e4)

LINESR = L[NESR = |

IF (LINESR +GTe O +ORe 1 +EQs LTWTAB) GO TO 30

WRITE (4,5)

FORMAY (BMI/ZISXy Il ol 1XoSHALTAB 12X 8 HTHISAB) 12X +SHTLTABY)
LINESR & LNSPPG = §

CONTINUE

wRITE STEPSIZE CONTROL TABLES.,
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40 WRITE (4,9000)
WRITE (4,9090) LDXLIM,LSKTAB
WRITE (4,9100)
LMAXSMAXO(LDXLIM,LSKTAB)
WRITE (6,9110) OXLIMUL) g XLIM{1),SKTAB(1) NTABSK(1)
IF (LMAX oLLE. 1) GO T0 119
00 100 ! = 2,LMAX
IF(1eGTeLDXLIM)IGO TO 80
IF(1+GTeLSKTAB)IGO TO 90
WRITE (6,9110) OXLIMOI) oXLIMIT),SKTAB(]),xTABSK(I])
GO YO 100

80 WRITE (6,9120) SKTYABU1) XTARSK(T)
GO Y0 t00

90 WRITE (6,9110) OXLIMUL) yXLIMC(T)

100 CONTINUE

C
C WwRITE WALL TABLES.,
C

110 WRITE (6,9000)
WRITE (6,9130) LTWTAB,LMDTAR
WRITE (4,9140)
LINESRsLNSPPG=8
LMAXSMAXO(LTWTAB, MDTAB)
WRITE (4,9110) TWTABU]) XTABTW(]1),SMOTAB(¢) XTABMDI(1)
LINESRsL INESR-]}
IF (LMAX <LEe 1) GO 10 210
DO 200 1 = 2,LMAX
IF(]eGTLTWTABIGO TO 160
IF(]+GYTeLMOTAB)IGO TO 170
WRITE (6,9110) TWTARI]) JXTABTW(I) ,SMOTAB( 1) XTABMD(])
GO YO 180
160 WRITE (6,9120) SMDTARB(L) XTABMDI )
GO TO 180
170 WRITE (4+9110) TWTAB(1) o XTABTW(I)

180 LINESR=LINESR=]
IF(ILINESR.GT«0)eORe(1eEQ.LMAX)IGO TO 200
WRITE (4,9000)
WRITE (46,9140
LINESRS_NSPPG=5S
200 CONTINUE
<
C #RITE GEOMETRY AND EDGE TABLES,
C
210 WRITE (4,9000)
' THg TEST FOR EQUALITY BETWEEN NON-INTEGERS MAY NOT BE MEANINGFUL.
IF(PETAB(|)NELQ«)GO TO 220
WRITE (4,9150) LRWTAB,LUETABR
TABNAMSUNAME
GO Y0 230
220 WRITE (6,9160) LRWTAB,LPETAB
TABNAMSPNAME
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230 WRITE (4,9170) TABNAM
LINESR®LNSPPG=8
LPUMAXsMAXQ(LPETAR,LUETAB)
LMAXSMAXQ(LRWTAB,LPUMAX)
TABVAL=PETAB(1)

THe TEST FOR EQUALITY BETWEEN NON-INTEGERS MAY NOT BE MEANINGFUL.
lr(PEYABtl).EQoo.sYIBVAL-UETAB(Ii
WRITE (46,9110) RWTAB(1) s XTABRW(1) o TABVALXTABPE(})
LINESRsLINESR=]

IF (LMAX oLEes 1) GO0 70 310
DO 300 ! & 2.LMAX
TABVAL=PETAB(])

THg TEST FOR FQUALITY BETWEEN NON=INTEGERS MaY NOT BE MEANINGFULe
lF(PEYAB(|).EQ.0.)TABVALIUEYA8(I’
IF(1eGT+LRWTAB)GO TO 260
IF(1eGTeLPUMAX)GO TO 270
WRITE (6,9110) R*YAB(Ii.XTABRW(l),TABVAL.lYABPE(l!
GO 10 280

2640 WRITE (46,9120) TARVAL yXTABPE(T)

GO TO 280

270 WRITE (6,9110) RWTAR(]1) XTABRW(!)

280 LINESReLINESR=]}
lF(lLlNESRoGT.O)oOR.(I-EQ.LMAX))GO T0 300
WRITE (6,9000)

WRITE (A,9170) TAANAM
LINESR=LNSPPG=5
300 CONTINUE

C

C WnlTE EXPERIMENTAL PROFILES, IF INPUT.

C

310 IF (LUPROF +EQes =LHPROF} RETURN

WRITE (44,9000
WRITE (6,9180) LUPROF,LHPROF
WRITE (A,9190)
LMAXSMAXO(LUPROF , L HPROF)
WRITE (6,9110) UPROF(1),YRYNU(L) HPROF (1) ,YBYNHIL)
IF (LMAX oLEe 1) GO YO 41g
DO 400 | ® 2,LMAX
IF(1.GTo,LUPROF)GO TO 360
IP(]1e8T+LHPROF)IGO TO 370

WRITE (4,9110) UPROF(1),YBYNULT) HRROF (1) ,YBYNH{])

GO YO 490
340 WRITE (6,9120) HPROFIT)sYBYNKIT)
GO TO 4gp
370 WRITE ¢2.9||o, UPROF(1)2YBYNU (1)
400 CONTINUE
4190 IF (LAPROF ¢EQe 0) RETURN
WRITE (4,9000)
WRITE (6,9200) LAPROF
WRITE (8,9210)
00 450 1=l ,LAPROF
480 WRITE (4,9110) APROF(1),YBYNA(I)
RETURN
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9000 FORMAT (1H1,26X413A677)
9010 FORMAT (18H FLAGS AND OPTIONS//30X,BHIDEAL = ,12,6X;
56H{m) FOR PERFECT GAS, =0 FOR HYDROGEN~OXYGEN EQUILIBRIUM)ZI0OX,
AHLAMNR = ,12,6X,39H({®] FOR LAMINAR FLOW, =0 FOR TURBULENT)Z30K,
BHINCOMPE ,12,6X,36H(=) FOR INCOMPRESSIBLE FLOW, =0 FOR ,
1 JHCOMPRESSIBLE ) /30X RHJ20 s ,12,6x,21H(=l FOR AXISYMMETRIC ,
33IHGEOMETRY, =0 FOR TWO=DIMENSIONAL) /30X ,8HINTDK = ,12,6X,
§5W(=] |F INPUY TABLES COME FROM TDX QUTPUY, =@ OTHERW]SE) /30X,
GHICOOL ® ,12,4X,57H(=0 NO COOLING, =) OPPOSITE DIRECTION, =2 SAM
aE DIRECTION) /30X BHITHERM 3,12,6X,82K(al FOR STHERMO NAMELISTY INPU
97 TO ODE, =0 OTHERWISE) /30X ,BHIPOLY =,12,6%:77u(=]l FOR CALCULATIO
«N OF COEFFICIENTS FOR CORRECTED WALL CONTAUR, =0 OTHERWISE)//)
9020 FORMAT (34MH PROBLEM LIMITS AND INITIAL VALUES//1X¢7HSINIT =,F12.8,
1 IXG7HXIMIT 3, F12,843X96HXMAY =,F13¢8,3%,5H0K] =, 1PEL24693X,
2 AHDELTA! =3 ,E12,4,3X,AHZETAP] s,E12,4//)
9030 FORMAT (2]H REFERENCE QUANTITIES//4Xs7HALREF =, 1PE14,7,4X,
1 AHUREF 3 ,E14,7,9%,84RHOREF 2 ,E1947,44X,8HSMOREF ®,£]14,7//)
9040 FORMAT (28H INPUT NORMALIZATION FACYORS//4X,7HXN 2, 1PE149,7,4%,
; THYN BaE14e7 34Xy 7THUEN S, El1%e7,4%, 7THPEN ssE14,7 44X,
2 THSMDN 8,E144777/)
9050 FORMAT ([4H EDGE RUANTITIES//4X,THUEDGE =,JPEj4,7,4N,7HPEDGE =,
1 E149¢7 44X ,7THTEDGE ®4E1Y447,4X,8HAFEDGE s ,E14e7//)
9060 FORMAT T10H CONSTANTS//AX,BHAFTRNS B3 1PE)12¢6:3X ,SHPR] ®,E12,6,3X,
; THGAMMA .'E|206|3:QGHF”°LWT -lE|zcbOJx’6NPL‘w --El?.éoilxn
2 7THPAMB  3,E12¢6/1X,8KHGPD 8, E12e603X,54SNI 3 E12,6,3X)
3 THXSTAR S E12¢6 03X e BHAFWAL L 89E12¢603X,6HUEK 8yE1246,4,3%,
4 THRHOFK =,E12,6/7/)
9070 _FORMAYT (30H CONVERGENCE AND EDGE CRITERIA//4X,7HCONVRGE,IPE14e7,
1 AX o THEPSLNI®S JE14,7,4X s THEPSLN284E 147 ,4X,7HEPSI NI® E14,7 ,4X,
9 THEPSLINS,E14.7//)
9083 FORMAT (9H COUNTERS//4X THMAXIT =,1445X ,SHNY] 8 ,14,5%x,84NLPRNT =,
7 199SX BHNSPRNT &, 145X BHINSTAT =, 14 ,5X,4HIYPR =,14,5X,6H]IYEQ =,
2 1477}
9090 FORMAT (24H STEPS]ZE CONTROL TABLES//25X,7HLDXLIM=,14,39X,
1 THLSKTABS,14)
9100 FORMAT (15X ,6HDXLIM o 19X gbHXLIM 19X ,6HSRTAB 19X 2HXTABSK/)
9110 FORMAT (1PU4E2547)
9120 FORMAT (SOX,1P2E25.47)
9130 FORMAT (12H WALL TABLES//25X,7HLTWTAB=,14,39X,74LMDTABS,]4)
9140 FORMAT (I1SX 6HTWTAB 219X soHXTABTW, 19X ,6HSMDTAB 19X, 4HXTABMD/)
9150 FORMAT (25H GEOMETRY AND EDGE TARLES//25X,7HLRWYABS ,14,39X,
1 THLUETAB=,14)
9140 FORMAT (25H GEOMEYRY AND EDGE TARLES//2S5X,7HLRWTYAB®,[4,39X,
1 THLPETABs,14)

NP E SN~

9170 FORMAT (15X 6HRWTABR 19X 6HXTABRW 19X ,A6,19X,6HXTABPE/)
9180 FORMAY (224 EXPERIMENTAL PROFILES//2SX,7HLUPROF=,14;39X,
1 THLHPROFs,14)
9190 FORMAT (15X ,6HUPROF 19X ,6HYBYNU 19X 6HHPROF ,19X,8HYBYNH /)
9200 FORMAT (344 EXPERIMENTAL PROFILES (CONTINUED)// 25X 4 7HLAPROFE,14)
9210 FORMAT (ISX,6HAPROF 19X )4HYBYNA /)
END
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SUBROUTINE ODE

cooe ICRPG REFERENCE PROGRAM (ODE) MODIFIEY TO HANDLE EQUILIBRIUN
C CHEMISTRY I[N THE TURBULENT BOUNDARY LAYER PROGRAM AND TO

C OPERATE IN A SUBROUTINE MODE,

C

COMMON JINPUT/ B(4,30),1POLY,I1THERN, MT(4,30)sNPRODNSPEC
PHAZ(30),T1({30),T2(30)
COMMON /POINTS/ HSUM(E3),SSUMCI3) ,CPR(13),DLVTP(13),0LVPT(13),
GAMMASII3) ,PU13),T,PPP(13),WMI13)ySONVEL(1D),
TYTC1Y)
ConnON/sPECESIcoEr €2,7430)4S030),ENU30,13),ENLN(IDY HO(30),
DELN(30),A115,30),SUB(30, 3',!055(30).7:"?(50.2)
COMMON /M1SC/ ENN,SUMNTT SO,ATOM(3,105),LLMT(18),80(15),
sorlls.zl.Yn.YLow.Tnlo.TntGu.rP.c-sun;or.:ﬂﬂAT.
HSURQ,HPP (2) ,RHO(2) ,VMIN(2) ,VPLS(2),WP(2),
NAME(15,5) gANUME1S45) ,PECWT(18) ,ENTHILS) ,FAZ(15),
RYEMP(1S) FOX(15) ,DENSI15),PLN
COMMON llNDX/ CONYG TP HP ,SP ,MOLES yNP NPT L NS KMAT jIMAT,1Q1sNC,
JSOL,JLIQ,1C,1Q2

BUWN = Ny -

C
DIMENSION DATE(2,30)LHE2),LVM(2),LVP(2)
INTEGER BLANK,FAZ ,FOX,PHAZ,SUB
DATA BLANK LM ,LVM LVP/IH ,4HH,CA 4HL/G 42HV=ylH ;2H0e,tH /
EQUIVALENCE (DATE,EN)
LOGICAL HP,IC MOLFS,SP,TP
C
NAMELISYT /THERMO/ ANUM,B,COEF ,DATE ,DENS ,ERTHFA2,FOX ,MOLES MT,
1 NAME yNSPEC yNPROD ¢PECWT ,PHAZ,RTEMP ;SUB,T1,T2,
2 TLOW,TMID,THIGH
C
C PRESET VARIABLES TO THEIR [NITIAL VALUES,
C
TLOW = §.0
T = 0.0
Do 21 = 1,13
2 P(l) s p.0
P seFALSE,
TP moFALSE,
NP = )
OF = 0.0
EQRAT s Q.0
MOLES s ,FALSE.,
WRITE (4,260)
IF (ITHERM oNEe O0) READ (5,THERMO)
IF (1THERM (NE, 0) WRITE (46,THERMO)
CALL REACY
SPmFALSE.
C
C CALCULATIONS INVOLVING EQUIVALENCE RATIO CHANGED (7-10~69) TO
C CORRESPOND TO DEFINITION USED IN PROGRAM 2235004 HeMeFREY,
C

STOIC ® ABSU(VPLS(IISVMINILI))I/Z(VPLS(2)eVMINI2)))
THE TEST FOR EQUALITY BETWEEN NON=INTEGERS MaAY NOT BE MEANINGFUL.
IF (WP(2)eNEeQos) OFSWPIL)/WP(2)
wPit) = oF
WP(2)s],
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A %0
/INPUT/
/7INPUT/

/POINTS/
/POINYS/
/POINTS/

/M1SC/
/M15C/
/M1sc/
/Misc/
/M1sc/
/INODX/
/71NOX/
A )]

»

40
149

»

A 157

A 159



200

230
249

250

260
370
380
390

SUMSWP (] )ewP(2)

V2 (WP (1) OVMIN(I) WP (2)OVMIN(2))/SUM
visiwp(ileyp s(l)swp(2)ovp L S(2))/SUM

EQRAY ® 1.0/0F/STH)C

oly!) = (WP(|”80p‘éll, * wpl2)epapt
THF TEST FOR EQUALT(TY

IF (EQRAT,EQejs) EQRAT=},000005

ETWEEN NON=INTEG

¢

12))7s5uM
RS MAY NOT BE MEANINGFUL

HSUBO = (WP(L)eHPP (1) ¢ WP(2)sHPP(2))/SUM

WRITE (4,370}

WRITE (6,380) LH,HPP(2) HPP (1) ,HSUBDWLVP ,VPLS(2) 3VPLS( 1),V ] ,LVM,VM

TING2) yVMINCL) V2
HSUBD = HSURQ/1.9871650
WRITE (6,390)

WRITE (6,380) (LLMT(1)sBLANK,BOP(1,2),B0PtL,1)9B0(E),InmtsL)

CALL SEARCH

1Ql=atLe]

IF (NCEQeQ) GO TO 240

00 230 J=1,NS

IF (ITUSEtJ).EQeQ) GO TO 230
IF (TUSE(J)eGTe0) TUSE(JIm=TUSE(J)
CONTINUE

IC = oFALSE.

PPaNS

NPTs=

ENN=mo 1

SUMNSENN

00 250 Js|),NS

IF LIUSE(J)eEQe=19000) IUSE(J)=Q
EN(JUs1)20.

ENLN{V)=Q,

IF (TUSE(JU)eNECD) GO TO 250
ENC(JUs1) = ENN/(NS =« NC)
ENLN(J) s ALOGI(EN(J,1))
CONTINUE

JSOL=Q

JLIQ=Q

RETURN

FORMAT (LNH])

FORMAT ULHO 17Xy YHFUEL o LIX s 7HOXINANT 12X, 7THMIXTURE/ /)

FORMAT (1H 2A4,3E18.8/)
FORMAT (RH ATOMS/G)
ENOD
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160
163
164

169

176
177
178

180
181

185
186
187
188
189
199

203
204
205
206
210
211
212
21)
214

217
218
219

226
237
238
239



SUBROUTINE PARAMS

CPARAMS CALCULATE GROSS BOUNDARY LAYER PARAMETERS OF INTEREST,

C

COMMON/DEPEND/U(25093) ¢HU25043) 9 ALPHAL2504342) sRHOVI250)SH(250,3)

COMMON/ INDEP /S NG, X4y0X4¥Y(250),0Y
COMMON/PROP /RHO(250,3)ySMUT250+3),PR(2S0,3),BLE(RS0+3),

£ WN -~}

1 SHI(2509296),SC1(250,2+6),T(250,3),A7(250)
COMMON /YTABLE/ YTIL(250),BGP{250)BGPP(2SO}+I1YTILP,IYTILF, /YTABLE/
{ cYTiILts) /YTABLE/
COMMON/XTABLE/RWTAB(S00) ¢ XTABRW(SOO) s LRWTAB, IRWXP ,CRWX (&),
1 PETAB(SOO0) ¢ XTABPE(SOQ) s LPETAB, IPEXYP,GPEX(4),
2 UETAB (800, LUETAB, TUEXP,CUEX (&),
3 XTOUDX(S500) yLOUDXT, IDUDXP
COMMON/LTABLE/TWTAB(100) ,XTABTW(100) s TWTAB,ITWXP,
1 SMOTAB(100) XTABMDI(100) ,LMOTAB, IMRXP
COMMON/EFVEC ZE(250),F(2%0)
COMMON/GEOM /RW(2) ,DRWDOX(2),THW(2)
COMMON /7CALC/ 2ETAO,ZETA,ZETAN,2ETAP ZSTARY3),052(2),YZETA, 72CalLC/
1 YY2ETA,YEDGE 72CALCY/
COMMON/WALLBC/TWALL ¢SHWALL yHWALL ,SMDWO,SMpN,SMDWN
_COMMON /FDGERC/ TEDGE SHEDGE sHEDGE JUENGE PEDGEB,AFEDNGE,DVEDSO, /EDGEBC/
1 DUEDS ,DUEDSN,DPEDSN /EDGEBC/
COMMON/NORMAL/BLREF yUREF s RHOREF y SMUREF ,REY INF
COMMON /GPARAM/ DL STAR,THETA ,TAUW,TAU] ,ACF,SQAW,STAN,SNTGRL /GPARAM/
1 SQWDS 4 SAWD /GPARAM/
COMMON/CONST /SINIT XINIT XMAX,DFELTAI ,SN],SR2,SN3,EPSLNT,EPSLN2,
1 EPSLNI,CONVRG,02DY,04DY,0DYSQ
COMMON/COUNT /NY NYT NY2)MY3, 30y INIJAGNEL,NELL sNSP,NMAX  NY]
COMMON/STATN /ISTATN,MAXTIT,ITER
COMMON/NEWS /RSTAR,RSTPR,XSTAR,NLSTO,DLS?TH
COMMON/NEWL! /J2D,UEX ,RHOEK
COMMON/RSTART/[RSRD,IRSWR, [TAPE
COMMON /MISC/ ENN,SUMN TT SO, ATOM(3,105),LLMT(I8),80(15), /M1SC/
BOP(15¢2) s TMyTLOWsTMIDITHIGH PP, CPSUN,OF ,EQRAT, /M1sc/
HSURQ,HPP(2) ,RHP(2),VMIN(2),VPLS(2),WP(2), /M1sc/
NAME(15,45) sANUM(15+¢5) PECWTI1S) JENTH(15),FAZ(1S), /Mysc/
RYEMP(1S) ,FOX(15) PENSI1S),YLN /M1SC/
COMMON /COOL/ ALTAB(100),CAX(4),CCXUb6),COEFCL,CPL,CPLTABI20), - /C00L/

1 CPSUME 4CRXU4) ¢CTHXES) 4 CTLX(b) 4CZX(6) DELXAA,DIATUB, /COOL/
2 DX1 o HGoHLy1AXy1COOLICX, IRX, ITHX,ITLX ), [TZTAB, 12X, /cooL/
3 MASSL 4PRANDL yQW! ,RAMDL +RAMDW ,RAMTAB(20) ,REYL ,SAWDSI,/COOL/
4 SQWL ySUMQW! , TAW  TEMPRL yTHICK ¢ THITAB(]100),TLO,TLL, /7C00L/
L] TL2.TLCALFLTAB(100) s TUBEN,TWG2yTWGCA,TWL,T2TAB(20), /COOL/
s IMYTAB(20) yZMYUL I TPOS TWL2, TANM ,STANRE /¢cooL/
REAL MASSL /7€00L/
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[aNaXa)

[a N aNalNa)

[aXal

20

[a s Nalal

S0

70

100

DATA PIEWRJSG/3¢1415924834777468006032,174/

DIMENSION GRND(3),YGRND(3)

OPEDSN==RHO(NY ,UN)YOU(NY,JUN)SDUEDSN

UPDATE INTEGRAL OVER S FOR DISPLACEMENT THICKNESS,

IFCUIRSRNDeGTO)oANDO{ISTATNIENIRSRD))IGO TO SO

IF(ISTATNCGT.0)GO TO 20
SNTGRL=Q,
GO 70 S0

SNTGRL ® SNTGRL ¢ Q¢50°NS®(SMNWOSZETAOSRW(]|)®e 2D 4 SMDWNeZETANS

1 RW(2)ee)20)

ACCUMULATE INTEGRALS OVER Y USING SIMPSON INTEGRATIGN,

FIRST FEVALUATYE INTEGRANDS AT walLL.

Tl = RHOINY ,UN)SU(INY 4 JN)
TMISRHO( L yygNIsUl T, UNI/TY
YGRNOD(1)=m(je=TML1)/BGPR( 1)
YGRND(2)aTM ) /8GP el goml( |, N)/UINY UN))
TM2ul e/ LZETANCZETANOREY INF)

00 70 t=},NY

E(IISRHO( T ,UNIOAGP(I)eZETAPOYTILI(!)/ZETAN
F(I) = AGP(1)eTM2
DUDY®Q2DYe(=UlAUNIedeoUl2,yNI*IoUl], N))
YGRND (318 (RHOV(1)eBGP( 1 )ODUDY+DPFDSNY/F(])

aCCUMULATFE INTEGRALS ACROSS ROUNDARY LAYER,

00 100 1=2,NY)

TMISRKOt L, UNYOUL]T  UNY/ T
GRND(i)s(,=TM])/BGP(L)
GRNO(2)sTMI/BGP (118 (te=UlT ,UN)/UINY, JN))
DUDSs{ULt] UNI=UILl],40))/NS
DUDY=Q2DYe (Ul gNI=U(T=] 4UN))

_GRAND(3)={RHO(] 4 JN)SUL] 4 JN)eDUDSH(RHOV(1)1eRGP(I)aU(] ,UN)SE(I))e

1 NUDY+DPENSN)I/F (1)

IF (1 oGEe NV} G0 Y0 110

FMULY = FLOAT(4 = 20M00(1,2))

00 100 X = 1,3

YGRND(K) = YGRND(Kk) ¢ FMULTeGRNDI(K)

tF NY! IS EVEN, COMPLETE SIMPSON INTEGRATINN.

LAST STEP USING TRAPEZOIDAL RULE.
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OTHERWISE,

INTEGRATE




[alalNaWal

C
C
C

lala]

[aNaNal [alala)

[alal

[a W aNal

110 IF (MODINY1,2) +GTe O) GO TN 139
DN 125 K = 1,3
12 YGRND(K) = (YGRND({K) ¢ 44CeGRND(K))eDY/3¢N
GO TN 8¢
130 00 135 K=},3
135 YGRNDIK) = (YGRND(K) ¢ GRND(K))SDY/3e0 + NeSU®DYSGHNDIK)

FVALUATE INTEGRANDS AT NY AND COMPLETE EVALUATION OF [NTFGRAL
PROPERTIES: (GRMN(1) AND GRND(2) ARE 7FRN,.)

15Aa DUDS s (U(INYZUN) « UINY,JO))/DS
DUDY=02DYelUINY2, NV =8¢ ®UINY I, UNY*3 e INY JN))
GRNN(3)1 s (RHO(NY ,UN)SU(NY ,UN)ODUNS+ (RHOVINY)SBGP (NY )=

1 UINY s UNYOE(NY))®DUDYSNPENSNI/F(NY)

IF (MODINY,2) +LF, Q) GO TO 170

YGRNN(3) = YGAND(3) + GRND(3)eDY/3.0
GO TN 200
170 YGRND(3I)=YGRND(3)+{JeSoDY®GRNN(3)

NnISPLACEMENTY THICKNESS.
200 OLSTO = DLSTAR
TERMSRHO(NY , JA)SU(INY s JAYO(QeSe(RWIL)ISRW(2)))0e 42D
DLSTARSBLREF e (ZETANSYGRND( | )eSNTYGRL/TERM)
IP(IXSTARGLT o (X=NX))sDRIIXSTARGGTX))IGO TH 220

tF THROAT HAS BEEN REACHED, CALCULATE THROAT RADIUS CORRECTED FOR
DISPLACEMENT THICKNESS.

DLSTTHSDLSTAR(X=XSTAR)®(DLSTAR=NLSTN)I/DX
_CALL XNTERP (XSTAR, RSTARDER,IRWXP XTABRW RWTAB , L RANTAB,CRWX,
1 IRWXF)

THWTHSATAN(DER)

RSTPRBRSTARCBLREF-DLSTTYTHOCOSITHWTN)
MOMENTUM THICKNESS.

220 THETA = RLREFSZETANOYGRND(2)
SKIN FRICTION,

TAUI®S=SMUREF®UREFeYGRND(3)/ (BLREFeZETaAN)
CALCULATE WALL SHEAR STRESS Tauw,

DERIVEO2NYe(ay (I g yN)edoeoUI2,UN)=YeoU( ] ,UN))

TMISAGP( 1)/ ZETANOSSMUL] g NI ®DER]YV
TAUWSSMUREF otIREF /RLREFOTM]

LOCAL SHEAR STRESS COEFFICIENT BCF.

BCFR2,/REYINFSTMI/IRHOINY ,UN)OUINY,UN)se2)
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WEAT TRANSFER RATE SQWw,

[a N ala)

DERIVEO02DY®(=SHII,UNI*4e®SH{2,UNI=3,0SK(],UN))
SuMSPag,
Do 240 1SP®|,NSP

240 _SUMSP = SUMSP « SHI(1,JN,ISP)1e02NYe(4,00SCI(2,JN,ISP) = 3,0e
1 SCIU1,UN,ISP) = SCI(3,UN,1SP))
DERIVSDERIVS(BLE(1y NI ~1s) eSUMSP
TMIRBGP () /2ZETANSSMU(L s UNY/PRI],IN)eDERTYV
SOWSSMUREFSUREFSUREF/BLREFeTM]

C

C gTANEON NUMBER STAwn,

C
TM2BRHOINY g UNISUINY g UNI @ {HINY , UN) @RI ,JN))
STANSTM]/(REYINFoTM2)

o

C UPDATE INTEGRAL OF SQW OVER S,

C

IF{(IRSRDeGTe0) e ANDe(ISTATNSFQ+IRSRND)IGO YO 280
IFUISTATNGGTW0)GO TO 270
SQWDS=sQ,
GO T0 280
270 SQWPNS = SQwps . (2.0°PIE)ee J2peBLREF®*®(y2n*1)e0,500NSe (SGNDe
RW(1)ee32pn + SQWORW(2)ee )2D)
280 SQWO0 = SQWw
IF (1COo0L +EQ. 0) RETURN
TTSAVE = T7
CPSAVE = CPSUM
C oo CPHS CONSIDFRS TEMPERATURE IN NEG=K see
TT & TINY,UN)/LeBn
CaLL CpPuS
C ee (CPSUME eeee (RATU/LBMODEG=R)

CPSUME a 1¢9879204312¢CPSIINM

CPSUM = ¢pPSaVE

TT ®= TTSAVE
C oo ADIABATIC WALL TEMPERATURE TAW (DEGeR) ooee

_TAW a TINYs Ny o PR(NY:JM)OO(I-0/300)OOBSOO(U‘NVoJN)oURFF)"2'

1 (CPSUMEeRJ*SG)
C o0 RHOREF oeee (LRFeSFC2/FTY) esee
C ee SG GRAVITIONAL FORCE (LBM/LARFeFT/SEC2) eede

AAKK = RHO(NY,JUN)ORHOREFSSGOU(NY, JN)®UREF
C o8 AAKK eeee (LBM/FTI®FT/SEC) seee
C e¢ SQW ©eeee (FTeLBF/FT2¢SEC) sose

SQWI = SQW/Ry
C ee SQW] esee ((FTe BF/FT28SECI/(FYSLARF/ATU) = (BTU/IFT2eSEC)))

STANRE = SQWI/(CPSUMESAAKKS(TAW = TWA[ L))
C e¢ HG oese (BTU/(DEG=ROFY2eSEC))

HG = SQWI/(TAW « TWALL)
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CALL XNTERP (X ,FAREAEP,JAX o XTABTW,ALTARLTWTAB,CAX;ITWXP)
OIATUB s 2,0¢SQRT(EAREA/PIE)

CALL XNTERP (X,TL{,TP,ITLX XTABTW,TLTAB,LYWYAB,CTLX,ITWXP)

IF (X = DX ¢GEe¢ XINIT) GO TO S

TLO = T

GO TO &

CALL XNTERP(X=DXoTLO TP oITLX s XTABTW, TLTABLTWTAR CTLX,TWXP)
IF (X o DX LT, XMAX) _ GO TO a

TL2 = TLI

G0 Y0 9

CALL XNTERP (XeDX,TL23 TP ITLX  XTARTW TLYAR+LTWTAB,CTLX,ITWXP)
CALL XNTERP (TL1,2ZMYULsZP,1ZX,TZTAB,ZMYTAR,ITZTAB,C2X,]TPOS)
1TPOS = 172X

CALL XNTERP (TLIyCPLWCPPyICX,TZTAB,CPLTAR,ITZTAR,CCX,1TPOS)
CALL XNTERP (TLI,RAMDL\RPIRX,T2ZTAB,RAMTAR,ITZTAB,CRX,]1TPOS)
PRANDL = CPLOZMYUL/RAMDL

REYL ® MASSL®DIATUB/(ZMYULCTURENSEAREA)

CALL XNTERP (X yTHICKsTHP g ITHX XTABTW o THITAB,LTWTAB,CTYHX,ITWXP)
TWL = TLI

TWLG = TWL

HL ® 0¢0250%RAMDL/DIATUROREY{ ¢00+B0¢PRANDL®30.40°(TL1/TWL)®e0.550
SAL = HL®()e0D ¢ RAMDW/ITHICKONG)) ’

SA2 = RAMDW/THICK

TWL = (SAJOTL]L ¢ SA20TAW)/(SA1 ¢ SA2)

IF (ABS(TWLG « TW(L) «GTe 0.,010) GO Y0 7

TEMPRL = TWL/TLYQ

TWGCA = (HGOTAW ¢ RAMDW/THICKSTWL)I/(HG ¢ RAMDW/THICK)

QW] = HKGO(TAW = TWGCA)

SQWDS! = SQWDS/RJY

TAWM = TWALL ¢ SOWI/HG

DELXBA = (DX ¢ NX31)eBLREF/2.0 -

COSAL & COS(THW(2)Y)

SST & COEFCLOOELXRACOW]IC(PIEORW(2)¢BLREF)e®Jg20/COSAL

TLCA & {TL! ¢ TL2)/2¢0 ¢ SSTY/{CPLOMASSL)

IF (1CO0L +ERe 2) TLCA ® (TLO ¢ TL1)/72.0 ¢ SST/(CPLeMASSL)
SUMQW] = SUMQW] ¢ SSTe2,0

TWG2 = (TWGCA ¢ TwALL)/2e0

TwL2 ® (TLCA « TL1)/2.0

RETURN -

END .
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SUBROUTINE PHOENX (V,YNN,LL)
CPHOENX INTERPOLATE VSe Y FOR MISSING VALUES IN V GIVEN EVERY N=-TH

C VALUE IN V. THERE ARE A TOTAL OF L VALUES IN ¥,
C
DIMENSION VI250) ,¥(250),F(130),X(130),¢cXxts)
C
IF (NN LLE, 1) RETURN
C
C PACK V=VALUES INTO F AND CORRESPONDING Y=VALUES INTO X.
C
I=y
Je ]
Felisvi))
Xti1ysy(y)
io 1 =1 ¢ |
JEMINOQU(JeNN,LL)
F(llmviy)
Xt1imy(y)
IF (J oLTe LL) Go Y0 10
LEN ®= |
1 XP=Q
C
C I{NTERPOLATE FOR MISSING VeVALUES.
C
JLO=2
JHI®JLOSNN=2

40 D00 SO JUsJULOWJUHI
8§09 CALL XNTERP (Y(J) VIJ)DERIXP X F LEN,CX [XP)
JLOsJHL+2
1P (JLO «GEe LL) RETURN
JHI & MINOQ(JULOONNL2,LL=1)
GO TO0 40

END
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SUBROUTINE PRINT

CPRINY STORF ITFMS Iy SUMMARY TaARLE FOR THIS STATION, aND PRINTY
C PROFILES aT TWIS STAYION 1F REQUIREDS
¢ COMMON/pEPENDZU(250¢31 0250430 s AL PHA(25053+2)0RH0V (2500 91§4(25043)
CAMMON/ INDEP /S DGy X DX oY (250),DY
COMMON/PROP /RHN(2504314SMU(250+3),PR(250943),BLE(25(,3),
1} SH] 125049216)95C1(2501246),77250+3)9AV(250)
COMMON/TPROP /EPS(250,3)+PRT(250,3),RLET(250,3)
Cnnnnw /YTABLE/ YTIL(250)BGP(25C) BGPP(280%,JYTILPIYTILF, /YTABLE/
cYTILtS) /YTABLE/
conMON/erPSZ/oxlvM!SO!.RLIM(SO).LDxLlN.IDX.
1 SKTAB(S0O) yXTARSK(50) L. SKTAB, 15K,
2 DXt
COMMON/GEOM /RW(2) ,DRWDX(2),THW(2)
COMMON /ZCALC/ ZFTAO,ZETA,ZETAN,ZETAP ,2STARTI) 40NSZ12),YZETA, /72CaLC/
1 YTZETA,YEDGE /72CaLC/
COMMON/WALLRC/TWALL ,SHWALL ,HWALL ,SMDWO ,SMAW ,SMOWN
COMMON /FDGEBC/ YTFDGE ,SHEDGE ,HEDGE yUEDGE yPEDGEB ,AFEDGE ,NUEDSO, /EDGEBC/
h DUEDS yDUEDSN,DPENSN /EDGEBC/
COHMON/NORHAL/BLRFF.UREF.RHOREF.QMUREF.REYINF
_COMMON /GPARAM/ DLSTAR,THETA,TAUW,TAU],BCFSAW,STAN,SNTGRL, /GPARAM/
1 SQWDS,Sawo /GPARAN/
COMMON /TITLE/ TYITLE(13) /TITLE/
COMMON/COUNT /NYoNY D ¢NY2)NY3,J0,UNsJASNEL,NEL] sNSP,NMAX,NY}
COMMON/OPTION/IDEAL yLAMNR ,INCOMP
COMMON/STATN /ISTATN,MAXIT,ITER
COMMON/PRNTCT/NSPRNT yNLPRNT, ISPRNT,, ILPRNT ,LNSPPGsLINESR
COMMON/SUMARY/SUMARY (15 430) yNRECINSTA ,ISTANVAR IDRUM,LAST
COMMON/NEWS /1YPR
COMMON /NEW7/ GPO,PAMB,INTDK,2ETAP] : INEW?/
COMMON /NEWIL/ J2D UEK,RHOEK /INEWL 1/
COMMON/NEWB /RSTARRSTPR XSTAR)NDLSTO,DLSTTH
COMMON/PFGAS /GAMMA ,FMOLWT ,PR]
COMMON/RSTART/IRSRD, IRSWR, | TAPE
COMMON /cO0O0L/ ALTABUI00) yCAXILA) ,CCRIS),COEFCLICPLLCPLTARIZ20), /7¢0oL/
1 CPSUMECRX L) yCTHXU6) 2CTLX(4),C2ZX16) ,NELXBA,DIATUB, /COOL/
» DX1 ,HG,HL ,1AX,1CO0L, ICX.le,lYﬂx.]TLX.|YZTA8 12x, /C0oL/
3 MASSL oPRANDL ¢QWY ,RAMDL yRAMDN ,RAMT 2B (20)REYL »SQWDSI,,/7C00OL/
4 SQW] s SUMQW]  TAW,TEMPRLITHICKTHITAB(I0G) s TLO»TLL, /CooL/
g TL2,TLCA,FLYAR(100) ,TUREN ,TWG2,TWGCA,TWL,TZYAB(20), /COOL/
& ZMYTAR(20) yZMYUL ,1TPOS TWL 2, TAWM,STANRE /7CO0o0L/
REAL MASSL /¢c00L/
COMMON /OMORI/ CUUt250,3),CUV(250,3)sCVV(250,+3),CWH(250,3),4GAMA,ZK /OMOR]/
COMMON/MUZZY/SDELTA NEW
COMMON/CONST/SEINIT  XINIT  XMAX,DELTATosSNI  SN2ySNILEPSLN] ,EPSLN2, NEW
' EPSLN3,CONVRG,020Y,04DY,0D0YSQ NEW
C
DIMENSION AOUT(12),80UT(8)
C
c CALCULATE DIMENSIONAL WALL AND EDGE CONDIT]ONS,
C

VEBSUINY y UN)SUREF

SA = SQRTUU4O721 ¢ 1 10°GAMMA/FMOLWTOTINY,UN))
IF(IDEAL.EQeD)SAmAVINY)

BME®UEB/SA
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(a2 ala)

[aNaXKal

[alaNaXal

SMUEBSSMU(INY , UyN) ®*SMUREF
SMOWB=SMOWERHOREFoUREF®ZETA
SHEBSSHINY , UN)OUREFOUREF
RHOEBERHN(NY , UN) ®RNHOREF

STORE ITEMS IN SUMMARY TABLE,

[STABISTAS]
SUMARY (ISTA,1)sFLOAT(ISTATN)
SUMARY(ISTA,2)=RW(2)
SUMARY(1STA,3)sUER
SUMARY( [STA ,4)sBMF
SUMARY (1STA,5)sSMUEB
SUMARY(ISTA,6)eACF
SUMARY(1STA,7)sSTAN
SUMARY(ISTA,8)sDLSTAR
SUMARY (1STA,9)=ZETAN
SUMARY (ISTA,,I10)=RW(2)YOALREF=DLSTAR®COSITHW(2))
SUMARY(ISTA,11) = 12.0°XeBLREF
SUMARY(ISTA,12)aTuw(2)
SUMARY L ISTA,13)sT(NY,,JN)
SUMARY(1STA,14)sPEDGEB
SUMARY (1STA,18)=SMDWE
SUMARY(ISTAL4)eT oUW
SUMARY(1STA,17)sSQw
SUMARY(1STA,18)=THETA
SUMARY (ISTA,19)eZETAP
SUMARY(ISTA,20) ®» XeBLREF ¢ DLSTAROSIN(THW(2))
SUMARY(1STA,2))s=S
SUMARY({1STA,22)sDSs
SUMARY (1STA,23)1=SKEB
SUMARY(1STA,24)8R40EB
SUMARY(1STA,25) » TLCA
SUMARY(1STA,24) = TWGCA
SUMARY(1STA,27)sSQwWDS
SUMARY(1STA,28)aSNTGRL
SUMARY(ISTA,29){UEDGE=-U(NY,J0)) /DS
SUMARY(ISTA,30) = TWL

cHECK IF TIME TO WRITE SUMMARY TABLE RUFFER ON DRUM.
IF(LISTAGLT¢NSTA) JANDS(LASTCENR«D?)IGO TO 50
NSTasMINO(ISTANSTA)
WRITE (1DRUM) NST ((SUMARY(TI,J),Jm| NVAR),Is|,NST)
ISTA=Q
NRECSNREC* |
CHECK IF TIME YO PRINT,
IF (1SPRNT +EQe NSPRNT) ISPRNT = O
IF{ILPRNTCEQeNLPRNT)ILPRNT=Q
IF (ILPRNT .NE., 0) GO YO0 1000

PRODUCE SHORT PRINTY OF CONTOUR PROPERTIES, WALL aAND EDGE
CONOITIONS, AND PROFILE PARAMETERS,

WRITE (4,9000) TITLE
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LINESR = {NSPPG = 5
WRITE (A,9D10)
LINESRsL INESR.)
XOUT = 12¢0®X9g L RFF
weiTE (6,9020) 1sTATNIXQUTISIPSIRW(2Y sTHW(2)42ExAN,ZETAS
LINESRaL INESR.
WRITE (6.9030)
LINESR®L INESR=1
RYNETA = REYlnF/RLREFORuotNY,JN)OU(NV.Jn)itHETA/SMU(NV,JNa
THLOSS = (6.283!85306'RW(2)OBLREF)ocJZDOCoS(THW(Z))O(RHOEBOUEBOOZ‘
(THETA = BLREFO®SNTGRLORHOREFOUREF/(RHOEBSUER*RW(2)90J2D))
e (PEDGFR = PAMB)eDLSTAR) B
WRITE (4,9040) UER,BME,DLSTAR,BCF,TINY,JUN) ,RHOER,THETA,STAN,SHEB,
1 SMUEB.TAUW.YAUI.PE”GEB.T*ALLOSQW.ETHETA.THLOSS.S"DWB
LINESRSL INESR=6
IF (1C00L oNE. 8) WRITE (6,1) TLO TWL,CPL QWIZREYL)TLY,TWL2,
1 CPsuns.sunnwx,PR;NDL.*L:.YHGCA.ntATUa.sowl.RAMoL.VAw,Tsz.
2 THICK,SOWDS!,ZMYUL,TLCATEMPRL 4HGyHL,STANRE
1 FORMAT (S0X,3IHRFGENERAYIVE COOLING PARAMETERS/SX,6HTLO =,F10.4,
Xy BHTWL 2, Flpedy5X,8HCPL #,F15,10,5%+8HaW! a,F15.6,5X,
AHREYL =, IPEIS,9/8X,6HTLL =,0PF10,4,5%,8HTLTAR 8 ,F10,4,5X,
AHCPSUME = ,F15¢1G1SXBHSUMAW] =,F1546,5X,BHPRANDL 8,1PE1S,9/5X,
bHTL2 2, 0PF10¢4,5X,BHTWGCA a8,F10e4,5X,8HDIATYB m,F16,10+5X,
BHSQW] =, Fi5¢6,5X,8HRAMDL &, 1PEIS,9/5%,4HTAW &, 0PF10.,4,5X,
AHTWTAR ®,F10e4,5X,BHTHICK =,F15.10,5X,8H5QWnS1 m F1Seb,5X,
TAHIMYUL B, IPE1IS,9/SX8HTLCA 2, 0PF10.4,5%)8HTEMPRL ®,4F10¢4,5X
AHKG ®,F15e¢10,5X 8HNL 2, F1504,6X BHSTANRE =, 1PE18,.9/)

"IF (1COOL oNEs 0) LINESR s LINESR = 7

N -

PN N e PN

pRODUCE LONG PRINT OF VARIABLE PROFILES FROM WALL T8 EDGE.
cIRST PAGE.

[aNalNalal

WRITE (4,9050!
LINESR=| INESR=]
1=} )

55a AOUT(1) = YTVIL(1)eBLREFeZETAN
AQUT(2)aY (1)
AQUT (IS ,UN)ZUINY yJIN)
AQUT(4)SSH{T ,UNI/SHINY,JIN)
AOUT (S)aRHO(1,JN)/RHOINY yUN)
AGUT(4) = RHOVITI)eZETAN/{RHOINY yUNIOUINY,JN))
AQUT(7) = EPS(]14UN)eSMUREF
AQUT(R)=T(],JN)
IF(LINESR«GT«0)GO TO 570
WRITE (4,9080)
WRITE (6,9050)
LINESR & LNSPPG = ¢

§70 WRITE (4,9040) 1,(AOUT(J) ,Js],8)
LINESRsLINESR-]
IF (1 o«GEs NY) GO TO 600
1 = MINO(ISTIYPR,NY)
GO TO0 $50
600 CONTINUVE

C 000...000.D.0.0QOOOQOOQOQOOOQ0000000000‘0
WRITE(4,9080)
ZDELTA & SDELTASA| REFSZETAN®12.0
WRITE(6,90) IDELTA
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C
C

~
-

90 FORMAT(BH DELTAs,[PF12:5,9H (INCHES))
LINESR={ NSPPG=5
WRITE(4,100)

100 FORMAT(4H NO,,4X,84 TAU 16X, | 2HTAU/(RESUE2) 41 X,
1 20H EPS/(RHOCUESDELTA) 42X,12H YTIL/DELTA)

LINESR s LINESRe)
Z1 = SMUREFSUREF/(BLREFSZETAN)
22 ® 100/(REYINFOZETANCRHOINY ,UN)QUINY UNYSUINY UN))
23 8 1,0/7(REYINFeZETANOUINY,UN)SSDELTA)
1 = 2
191 OUDYL = O4DYS(U(141,J0)=Ul]=),J0dsUltel, N)=Ullal,yN))
AQUT()) = BGP(1)e21¢(SMULT] UNISEPS{T,,UN)Y)eDUDY]
AQUT(2) = AQUTI(11eZ2/21
AQUT(3) = EPS(T.UN)I®ZI/RHO(T 4 UN)
AQUT(4) = YTIL(1)/SDELTA
IF(LINESR«GT.Q) GO TN 102
WRITE(4,9080!)
WRITE(L,100)
LINESR « LNSPPG=4
102 WRITE(4,103) J,(AQUTIY) yJm],4)
103 FORMAT(14,1P4ELSLe7)
LINESRs| INESR~1|
IFLIeGESNYL) GO Tn 104
I = MINQ(I+IYPR,NY])
GO TO 101
104 CONTINUE

©0000000000000000000000000000008000000000
WRITE (A,9080)
LINESR s LNSPPG=S

WRITE(6,9902)
LINESR = LINESR = 1}
1}
S51 BOUT(1) s SMU(],JN)eSMUREF
BOUTI(2) = YTIL(I)/YTILINY)
BOUTI(3) = CUUCTJUN)/UINY UN) @2
BOUT{U) ® RHO(TIJJUNI/RHOINY JUNISULT 4 UNY/UINY IN)
80UTI(S) & CUVI(I,JN)eSMUREF

®evee UITAU) = UT oeeee
UT = SQRT(TAUW/(RKO(L 4 JIJN)SRKHOREF))
UTT ® RHO())JN)SRNOREFOUT/ (SMU(],JN)*SMUREF)
BOUT(6) = U(l,UN)eUREF/UY
BOUTYI(7) = UTTeYTI{ (1)eRLREFeZETAN
BOUT(8) & PRYT(],yuyN)
IF(LINESR,GT.g) GO YO S7%
WRITE (4,9080)
WRITE(4,9902)
LINESRSLNSPPG=4

571 WRITE(6,9903) 1, (BOUT(JY), U=m|,8 )
LINESR @ L INESR =« |
IF(1eGEeNY) GO TO 601
1 sMIND(TIeIYPR,NY)
GO YO S§8¢

60t IF(I0EALGT«0) GO TO 700
IF (ISPRNT (NEe. 0) GO TO 700
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WRITE (6,9000) TITLE
LINESR ® | NSPPG = S
WRITE (649150)
LINESReL INESRa}
lal

650 AOUT(1) = YTIL(1)epLREF*ZETAN
AQUT(2)mALPHA(T yUNy2) ZALPHALT 4UN )
AQUT(3)eSCI(1,UN,¢)
AQUT (4)aSCI(T,UNy2)
AQUTIS)ISSCI(T,4JNyY)
AQUT(6)eSCIIT4JUN,4)
AOUT(7)8SCI(1,JN,8)
ADUT(B)=SCI(1,JNyb)
AOQUT(9)®SMUI] y UJN) o SMUREF
AQUTII0)Y=PRIT , UN)
IFILINESR.GT,Q)GO TO 470
WRITE (4,90R0)
WRITE (4,9150)
LINESR ® LNSPPG = 4

670 WRITE (4,9160) 1,1A0UT(Y),4yst,10)

LINESReL INESR=]
IF (1 «GEe NY) GO YO 700
1 = MINQ(I¢IYPR,NY)
GO TN 450

70n  WRITE (6,9070) ITER

CHECK IF TIME YO WRITE RESTART TAPE,

[aNala)

IF({IRSWReEQeD) sOR((X®1oE=6) LT« XLIM(IDX))IGO YO 1000

UPDATE ZETA-RELATED QUANTITIES NEEDED FOR RESTARY,

[aNalal

IPs (ZETAN=2STARI1))/7(DSZ(1)eDS)

WRITE (JTAPE) ISTATNINY,OY,ZETANLZETA ,ZETAN,ZP2ETAO,DS,YZETA,
YTZETA,YEDGE ,RSTPR,SNTGRL ,SQWDS, ( (U] ,J),HIT,J),
ALPHACT oy 1 o ALPHAET yJ02) ¢SHIETsJ) JI®] (NY) gJdm) 30,1
RHOVETII o181 oNY) ,(YUT)oYTILED) BGPLI)BGPP(]) 11,
NMAY)

W ) ==}

&

ADVANCE PRJINT STATION COUNTERS, !

[aNalal

1000 ISPRNT=ISPRNT+ |
ILPRNTSILPRNT#
RETURN
9000 FORMAT (1H1,26X,13A677)
9010 FORMAT (9X,7HSTATION:BX,8KX (FEET) o I1SK, 1HS s 14X 2HDS{ 14X ,2HRW,10%,
' SHTHETAW, 12X, 4HZETA 11X ,SHZETAP)
9020 FORMAY (116,1P7E16e7/)
9030 FORMAT (1BX,24HEDGE AND WALL CONDITIONS, 49X,
h 18HPROFILE PARAMETERS)
9040 FORMATI(7X,94UEB 8 JIPEL14e7,7X,9HBME 8 ,E14,7,17X,9HDLSTAR = ,
T El8e¢7,7X,9HBCF 8 JE14,7/7X,9KTEDGE ® ,EL4e?,7Xy9HRHOEB =
2 EL%eT o 17X 9HTHETA = JElUe7 37X FHSTAN s JE14,7/97%,9HSHEB L)
3 EL8¢7,7X,94SMUER = vE18 4791 7Xy9HYAUN s JE14,7,70,9KTAUL s
4« EL4e7/7Xy9HPEDGESR = pE14e7 07X, 9HTWALL 8 JElQe? 01X, 9HSQAW s
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S ElUe7 y7XsFHRTHETA & ¢E1U447/7X,FHTHLOSS & ,E14e¢7,:7X{9HSMOWE = ,

s E14e7/)

90S0_FORMAT (54N NOs YBAR \ U/VE ’
L H/ME RO/ROE ROV EPS
2 1M T

9040 FORMAT (15,1P7E14,7,0PF11,.1)
9070 FORMAT (/18H NOe ITERATIONS 2,13)
9080 FORMAT (1H1)

QISO-VOR"AT (S4H NOo YRAR o/F CtH) ’
1 41HCIH2) CtH20) cto) C(OH) cte2) MU,
2 UKW PR)

9140 FORMAT (1541P2E16,7,0P6F11e6,1PETY4eS+10PF11e8)

99p2 _FORMAT(4H NOe, b6X,8H MY 12X 1HY 11 X,84 K /UyE2,ax,8H RU/REVE,
1 AXyBHMIXEDDY (9X46H UDAG 11X ,4HYDAG,13X,34PRT)

9903 FORMAT(14,1PBELG.7)
END

P

SUBROUTINE PROFIL

CPROF L CALCULATE INITIAL DEPENDENT VARIABLE PROFILES FROM XNOWN WALL

C
C

[a)

[alNaNalal

AND EDGE CONDITIONS AT S = SINIT.
COMMON/DEPEND /UL 2604+3) oM 1250,43) yALPHA(250,3,2),RHOVI250)SH(250,3)

_COMMON /YTABLE/ YTIL(250),BGP({250)+BGPP(250) s IYTILPLIYTILF, /YTABLE/
| CYTILLS) /YTABLE/
COMMON /2CALC/ ZETAO,ZETA,ZETAN,ZETAP 2STAR(3),0SZ(2),Y2ETA, /72ZCALC/
' YTZETA,YEDGE /72¢CatC/

COMMON/WALLBC/TWALL ySHWALL ¢HWALL »SMDWO,SMNW,SMDWN
COHMON /EDGERC/ TEDGE, SHEDGE.HEOGE.UEDGE.PEDGEB.AFEOGE nUEDSO, /EDGEBC/
DUEDS ,DUEDSN,DPENSY /EDGEBC/

COHHON/NORHAL/BLREF.UREFQRHORFF SMUREF ,REYINF

COMMON/MULT /XNoUENPEN,SMDN,YN

COMMON/COUNT /NY yNY1  NY24NYD,J0sJINsJAGNELNELIoNSP NMAX,NY]
COMMON/OPTION/IDEALJLAMNR, INCOMP

COMMON /INPROF/ UPROF(50),YBYNUISO) ,LUPROF,CUYX(4),HPROF{50), / INPROF/
1 YBYNH(SO) s LHPROF yCHYX(4) /INPROF/
COMMON/NEW3 /AFTRNS,PLAVW

COMMON/NEWID /APROF(50),YBYNA(SO) )LAPROF ,TAYP :CAYX(4))AFWALL

COMMON /TPROP 7/ FpPS(250,3)4,PRT(250+43),BLET(250,)3)

COMMON sOMORI/ CUU(250,3),CUVI250,3),CVV(350,3),CwWn(250,3),G6AMA,ZK /OMORI/

IF(LUPROF.EQ.Q}GO TO S

USE EXPERIMENTAL U OR W PROFILES. FIRST CONVERT ARGUMENT TABLES
TO YTIL.

- 141 -




[a N aXaXal

420

42¢

430

449
44g

30

s0
to0

108

TMI=sYN/ (RLREFEZETAD)

DO 410 1=],LUPROF
YRYNUCT) = YRYNU(])eTMI
DO 420 1s],LHPROF
YRAYNH(I) = YRYNHI])®TML
DO 425 1=],LAPROF
YRYNA(T) = YRYNA(])eTMI
fuyYpsQ

D0 430 1s],4NY

catt xanRP(YTlL(]),UVAL.DUHMV],!UYP.YBYNU.UPRO'.LUPROF.CUYX.IUYP)
UtI,JN) & UVALSUENGE
IF(LAPROF+EQ.Q)GN TO HHS
1AYPE(Q

DO 440 =] yNY
CALL XNTERP (YTILI( l)'ALP”‘( 1 .JN.' ) ,DUMMYIL .IAYP.YBVNA.lPROF.

' LAPROF (CAYX,,1AYP)
ALPHA(T yUNy2) = 1,0 - ALPHAUT 4 JUNy 1)
1F (INCOMP +GTe O) 0 Y0 107
INYP=Q
DO 450 Is| NY

caLl XNYFRP(YTlL(I"NVALGDUNMYIo'HYPQVBVNHuHPROFoLHPROF.CHYX.lHYP’
SH{1 s JNISHVALSSHEDGE

H{I,JN) =& SHI],JN) ¢ UllyJUN)es2/240

G0 T0 210

¢ALCULATE U PROFILF ACCORDING TO INPUT POWER LAW,

TML = De9eYTILINY)

TM2e ) o /PLAW

TM3=0e)eYTILINY)

Inl=0

D0 100 t=[,NY

IF (IH] «GTs 0) @O TO 230

IF (YTIL(I) 4LTe TM3I) GO TO 100
Inl = 1

IF (YTIL(]) +GEe TMI) GO TO S0
UGI,JN) = UEDGE®(YTIL(I)/TMI)esTM?2
GO0 YO 100

UCT,JINI=UEDGE

CONTINUE

SLOPESUCTIHI UN}/YTILIINHD)
00 105 1=l,1H]
UCT+JIN) = YTIL(1)eSLOPE

CALCULATE H AND SH PROFILES FOR COMPRESSIBLE OR INCOMPRESSIBLE
CASE.
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107

120

200

[aNaNalal

210

3oo

(2]

(aNal

310

500

[alNaNal

1000 _

600

IF(INCOMP.EQeQ!)GO TO 120

Do 110 1t = p,NY

SHIT ¢y JIN)ESHWALL

HOlsJIN) & SHWALL + U(T4JNI®e2/2,0

GO 70 210

DO 200 1t = 1 ,NY

HOl g JIN)SHWALL®U(] ,JN)/UEDGE® (HEDGE=HWALL)
SHITyJUN) 8 HIT,JUN) « U(T4JIN)ee2/2,0

cALCULATE CONSTANT ALPHAL PROFILE ACROSS BOQUNDARY LAYER,
ALPHAL ® ALPHALE

IF (LAPROF ,GT, 0) GO TN 310

DO 30G Is],NY

ALPHAT T gUN 11 RAFWALL*(AFEDGE=AFWALL)®U(1,4UN)/VUEDGE
ALPHA( T yUNy2) = 1,0 = ALPHA LT UN,t)

CALCULATFE RHOV PROFILE,

TML ® 1,0/YTILINY)
00 S00 I=),NY
RHOV(L) = SMOW + TMieYTIL(I)

CALCULATE CUuU AND EPS PROFILES

00 1000 I=1,NY

TM2 = YTIL(T)/ZYTILINY)

CUUCLT yUN) 8 S,0FegeUEDGE®S20TM20( |40 « TM2)0e2

EPSI] ,JNISREYINFOZETAQOYTIL(1)0(0s2050TM24TM2=0,5843TM240,431)e

1 SQRTICUUCT s JUNY D @(2,1832339 » 118323399TM2)0e4,1983820

MOVE FORWARD VALUES TO BACK VALUES.

DO 400 I=],NY

Ul ,J0)=su(l  JN)
SHUTsJOISSHIT ,UN)
H{],J0YsH (] ,JN)

CUUCT ,Ja)sCUULT 4 JIN)
CUV (L ,J0)sCUV L] JN)
CVV{1,J0)aCVV(I],JN)
CWW(T,J0) = CWW(l,JUN)
UCTJdA) s Ul1,00)
CUVil,,JaA) = CUULT , JO)
EPS(1,J0) & EPS(I,JN)
EPS(1,Ja) = EPSIL,J0)
DO 400 t1EL = |, ,NEL
ALPHA(T ,JO,JEL) = ALPHA(T JUN,TEL)
RETURN

END
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SUBROUTINE RDTAPE

CTPRE LD SEARCH RESTARYT TAPE FOR PROPER STATION AND READ RESTART DATA,

C

[aNal

(aXal

10

20
?000

3o

COMNON/DEPEND/U(ZSO.J).H(ZSO-J)oALPHA(ZSO.J.Z)bRHO'(ZSQ).SH(250.3)
COMMON/ZINDEP /S,D6,X,DX,V1250),DY

COMMON /YTABLE/ YTIL(250),BGP(250),BGPP(250),1YTILP,IYTILF,
1 CYTIL(S)

COMMON /2CALC/ ZETAO,2FTA,ZETAN,7ETAP,ZSTAR$3) 4DSZ(2),YZETA,
1 YTZETA,YENGE
_COMMON /GPARAM/ DLSTARITHETA,TAUW, TAUT ,BCFsSAWsSTAN,SNTGRL

' SQWDS,Sawn

COMMON/CONST JSINTT XINTIT XMAXJDFLTAT,SNT,SN2,SNI,EPSLNIIEPSLNZ,
) EPSLN3,CONVRG,02DY,04DY,0DYSQ

COMMON/COUNT /NY  NY1oNY2oNY3 3 09 INyJAJNEL NELEsNSP NMAX,NY ]
COMMON/STATN Z1STATNMAXIT,ITER

COMMON/NEWR /RSTAR RSTPR,XSTAR,DLSTO,DLSTTH

COMMON/RSTART/IRSRD IRSWR, I TAPE :

REWIND ITAPE

READ (ITAPE) ISTATN

IF(ISTATN=TRSRD)10+30,20

WRITE (4,9000) IRSRD

FORMAT (//37H THERE 1S NO RESTART DATA FOR STATION,15//)

CaLL EXIY

READ RESTART DATA FOR STATION IRSRD.

BACKSPACE IYAPE

REAN (1TAPE) ISYATN-NY.DVolETAO.7ETAoZETAN.ZETAP.ZS?AR(l).DSZ(l)o
JALPHALT ,Jy 1) yALPHALT ;U020 4SHIT ) (I8 ¢NY) Ju],3) (RN
OVETY o 1ML GNY) o (Y (D) YTIL(1) 4RGPET) ,BGPP( 1), 121 ,NMAX)

REWIND ITAPE

W N -y

GEY OTHER COUNTERS AND CONSTANTS RASED ON RESTARY DAtA,

NYjsNY=]
NY2uaNY=2
020Y=(G.5/DY
04DY=Q.25/DY
0pYSQsl e/ (DYeDY)
RETURN

END

- 144 -

/7YTaABLEY
/YTABLE/
/ZCALC/
/2CALCY
/GPARAM/
/GPARAM/



SUBROUTINE REACT

COMMON /M1SC/ ENN,SUMNsTY,SQ,ATOM(3,105) ,tLMT(18),B0(15),
BOP{1542) s TMyTLON s TMID I THIGH PP ,CPSUM,0OF ;EQRAT,
HSUBQ,HPP(2),RHO(2) ,VMIN(2) ,VPLS($), WP (2),
NAME({IS545) s ANUM(1S+45) ,PECWNTI1S) ENTHIIS) ,FAZ(15),
RYEMPLIS) yFOX(15) 4DENS(1S),TLN

£ WN -t

COMMON /INDX/ CONyGTP,HP ,SP  MOLES NP NPT L ,NS,KMAT {IMAT,1Q1NC,
1 JSOL,JLIQ,1C, 102

COMMON /INPUT/ al4430)1POLY,ITHERM MT(4,30) NPRODINSPEC
1 PHA2(30),71(30),T2130)

DIMENSION ANAME(18,5),DATA(1S),V(15)
EQUIVALENCE (NAME ,ANANE)

DATA 1ZEROLLANK ,OX/2HOO,!H ,1KHO/
LOGICAL MOLES

DO 20 K = },2
wepi{xKlsg,
HPP(K)mg,
RHO(K)=Q,
VPLS(K)®=Q,
VMINIK)=Qo.
DO 20 J=1,]5
LLMT(J)=0
20 B8QaP(JWK) = Q.0
Ls}
DO 40 N = | ,NSPEC
IF (NAME(N,1)EQe¢LANK) GO TO 160
WRITE (64230) (NAME(N,I)JANUMIN, 1),y I & 1,5),PECNTIN) MOLES,
1 ENTHIN) yFAZ(N) JRTEMP(N) ,FOXINY sDENSINS
Ks2 .
' THE TEST FOR EQUALITY BETWEEN NON-INTEGERS MaY NOT BE MEANINGFUL.
IF (FOX(N)sEQeOX) K=}
00 SO Jsi,15%
Sg DATA(Y) = g.0
RM=0e
DO 110 JJs),S
THE TEST FOR EQUALITY BETWEEN NON-INTEGERS MAY NOT BE MEANINGFUL.
IF (ANUMIN,JJ),EQ,B.) GO TO 120
00 40 JUs|,IS
Nysy
IF (LLMT(J).EQeQ}) GO TO 79
IF (NAME(IN)JJ)eEQ,LLMT(J)) GO TO 80
60 CONTINUE
70 LNy
LLNT(J)IaNAME(N,JJ)
80 00 90 XX = ;,108
' THF YESY FOR EQUALITY BETWEEN NON=INTEGERS MaAY NOT BE MEANINGFULe
IF (ATOMU | 4KK)eEQ,ANAME(N,JJ)) GN TO 100
90 CONTINUE
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L=0
GO YO 40

100 RMSRMeANUMIN, JJ) @A TOM(2,4KK)
VIJISATAM(I,KK)

110 DATACJ) = ANUMIN,JJ)

120 PCWTsPECWTIN)
IF (MOLES) PCWTsPCWTeRM
WP (K)sWP(K)¢PCWT

IF (NAME(N,5) ¢ NEo J2ERO) HPP(K)=HPP(K)SENTHI(N)OPECWT/RM

Do 130 J=|,L

130 BOP(JsK) = DATALJ)ePCWT/RM « ROP(J,X)
1F (DENS(N) oLEe 2¢0) GO YO 4O
RHO(K) ® RHO(K) ¢ PCWT/DENS(N}

4g CONTINUE
160 NREAC=N=1
1fF (L eNge O} GO TO 165
WRITE (6,220!

220 FORMAT (//20X487HER
S NAME IN ATOM ARRAY

RETURN
165 DO 190 X & 1,2
THE YEST FOR EQUALITY BETWEEN NON=INTEGERS MAY NOT
1F (WP(K).EQsDe¢) GO TO 190
HPP(K)sKHPPI(K) /WP (K)
YHE TEST FOR EQUALITY BETWEEN NON=INTEGERS ™MaAY NOT
IF (RHO(K),NEsQo) RHO(K)SWP(K)/RHO(K)
DO 170 J=l,tL
BOP(JyK)I=BOP( K} /WPIK)
IF tV(J)YelTeQo) VMINIK)SVMINIK)SROP(J ,KYeV(J)
IF (V(J)eGTeDs) VPLSIKIEVPLS(KX)*ROPIJ,X)OV(J)
170 CONTINUVE
IF (MOLES) GO TO 190
DO 180 Ns) NREAC
» YHr TEST FOR EQUALITY BETWEEN NON=INTEGERS MaY NOTY
i1F (FOX(N)sEQeOXeANDsKsEBs2) GO TO 180
THE TEST FOR EQUALITY BETWEEN NON=INTEGERS MAY NOT
IF (FOX(N) NE ,OX,aND,K.,EQ,}) G0 TO 180
PECWYIN)SPECWT(N) /WP (K]
180 CONTINUE
190 CONTINUE
DO 200 Ns|,NREAC
THE TESY FOR EQUALTTY BETWEEN NON=INTEGERS MAY NOT
IF (DENS(N).NE,O.) GO TO 200
RHO(1)=0,
RETURN
200 CONTINUVE
RETURN

ROR IN NPV
AS GIVEN 1IN kRDTAa/ /)

BE

8E

8E

BE

8E

T NAMES oF REACTALTS, DOES NOT MATCH
AL

MEANINGFUL

MEANINGFUL .

MEANINGFUL

MEANINGFUL

MEANINGFUL

230 _FORMAY 'llos‘A20|Xof7-“ozl’oFGtQOZloLIoF|OQZle,AI|2!oFBoJono

t Als3X,FBes5)
END
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SUBROUTINE SEARCH

DIMENSION DATE(2,30)
EQUIVALENCE (DATE,EN)
INTEGER GAS,PHAZ,SUB
DATA GAS/IHG/

COMMON /INPUT/ B(4,30),1POLY,ITHERN,MT({4,307,NPROD,NSPEC,

1 PHAZ(30),T1(30),72(30)

COMMON/SPECES/COEF (2,7,30):+5(30)+EN(30,13),ENLN(3),Hgtlg),

' DELN(30)sA(15430)sSUB(30,3),1USE(30)TEMP(50+2)

COMMON /MISC/ ENN,SUMN»TT,S0,aTOMI3,108),LLMT(1S),50(15),
BOP({1592) ¢ TMyTLOW,TMIDsTHIGHM PP +CPSUMOF yEQRAT,
HSURQD HPP{2) ,RHO(2) ,VMIN(2) ,VPLS(2),WP(2),
NAMFE(1535) i ANUMII5+5) JPECWTLIS) JENTHT1S) ,FAZ(15),
RTEMP(15),FOXI15),0ENSI15),TLN

COMMON /INDX/ CONVG,TP,HP SP MOLES,NP NPT L ,NS,KMAT,MAT,1Q1NC,

; JSOL,JL1Q,1C,1Q2

-

E W N -]

NC=Q

1xs0

DO 40 NS = {,NPROD
00 100 X = 1,4

Y THg TESY FOR EQUALITY BETWEEN NON=INTEGERS MaY NOT BE MEANINGFUL.

80
90

100
110

IF (R{K,NS) +EQs ~e0) GO TO 110

0n 80 Isi,L

IF (LLMT(1) oEQe MTIX,NS})) GO TO 100
CONTINVE

DO 90 Jsi,tL

A'J.NS"O.

GO TO ug

A{IsNS) = B(K,NS)

IF (NS +EQe 3g) 6O TO 180

IUSE(NS)Y=Q

IF (PHAZ(INS) LEN, GAS) GO TO 40
NCENCe|

TEMPINC,1) = T1INS)

TEMPI(NC,2) = T2(NS)

IxelXel

IF (ITUSEI(NS=1)sEQ,QeORINCEQs]l) GO TO 130
Do 120 1=1,L

v THg TEST FOR EQUALITY BETWEEN NON-INTEGERS MaY NOT BE MEANINGFUL.

120

130
40

IF (A(T NS)eNE«AIT,NS=1)) GO YO 130
CONTINUE

I[Xs]X=}

IUSE(NS)s=]X

CONTINUE
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150
140

170

219
229

230

GO YO 140

WRITE (6+210) (SUR(NS,JlsJml,43)

WRITE (4,220)

DO 170 1=14NS,5

jesley

IF (NS.LT.I5) IsaNS

WRITE (642300 (DATECH,J) yDATE(2,J)4SUB(J41),SUBLJ2),SUR(J,3)suml,
118)

RETURN

FARMAT (4SHODIMENSIONS IN/SPECES/TO00 SMALL YO CONSIDER ,34a4)
FORMAT (42HDSPECIES BEING CONSIDERED IN THIS SYSTEM )
FARMAT (S(5Xs2A3,2X,3A4))

END

»
~
w

b B 2B 3B 2B 2 2B 2
D
W

SUBROUTINE SPCALC

csPeaC PERFORM A SERJES OF FENTROPY=PRESSURE CALCULATIONS.

C

_COMMON /POINTS/ HGUMIUT3)4SSUMI13),CPRI13),0LVTP(I3),DLVPT(13),
' GAMMAS(13),P(13),T, PPP(13).NH(I3).SONVEL(]3).
TYT(13)
COHMON/SPECES/COEF (2,7,30),S(30),ENI30,03),ENLN(I0Y HO(3I0),
DELN(30) sAL15,30),SUB(30,3),1USE(30),YEMP(50,2)
connou /M1SC/ ENN,SUMN, vr.so.arouts.los).LLutclaa BA(15),
1 aoP«ls.ZD TM,TLOW,TMID,THIGH 